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CHAPTER I 
INTRODUCTION 
1.1 The Reason for Planning 
A current belief in the virtue of "private enterprise" and, 
perhaps, unsavoury visions of the Fascist dictatorships and Communist 
regimes of the present and recent past, have caused "central economic 
planning" to be regarded with scepticism and even contempt in the 
Western world. As this thesis is concerned with the development 
of a quantitative model which has the potential to be used by a central 
authority as a guide to planning economic growth, a brief attempt to 
dispel this notion seems warranted. 
W. Arthur Lewis, in the first chapter of "The Principles 
1 
of Economic Planning" [20], clearly shows that at least some form 
of central direction is required if an economy is to operate smoothly. 
An indefatigable faith that the market forces of supply and demand best 
serve the objectives of society (whatever they are) does not prevent 
the diseconomies and waste which often occur due to imperfect 
knowledge of the vagaries of prices, trade cycles, market trends 
and so on. An overall planning agency which has both knowledge 
1 Throughout this script numbers in square parentheses correspond 
to references listed at the end of the volume. 
2 
and control of the' relevant variables will often be able to foresee and 
prevent such losses. Of course there are a number of services 
which, because of the collective way they are consumed, must be 
centrally organised. Defence, justice and traffic control are 
obvious examples, but the State 1s jurisdiction extends to other 
11matters concerning the public good 11 , and controversy can arise 
as to how far it should interfere with individual freedom of choice 
(e. g.liquor laws). In this sphere an economic planning agency is 
likely to be in.volved with the regulation of economic activity by 
licensing or some other form of direct control, and the interference 
will often be regarded as a violation of basic rights. On.the other 
hand, the distribution of income resulting from a purely market 
economy will not always be the best from a strictly welfare view-
point. It is largely a matter of judging which is likely to be the 
greater cost: the resources used for the time consuming and possibly 
erroneous calculations of central planners, or the waste caused by 
the imperfect knowledge of entrepreneurs and the hardship due to 
inequitable distribution of income . 
There is no doubt that certain types of central planning 
are unacceptable. No administrative body can expect to predict 
accurately the socially most desirable size and composition of 
consumption;l a price environment must always exist as a test of 
the worth':0t a plan; adjustments to the plan should be made when 
the price-demand mechanism of the market does not quickly adjust 
to the plan-influenced supply. A general conclusion would be that 
I The Pareto condition for welfare maximisation is that the ratio 
of the marginal utilities of any pair of commodities must be the 
same for aU persons. 
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direct interference· with the market is undesirable (except in 
emergency situations when temporary direct interference can be 
imperative), but the concept of guiding market forces· within the 
framework of an overall plan does not conflict with basic rights 
and is, in fact, necessary for balanced growth and stability in 
the economy. 
1.2 The Theory of Quantitative Economic Policy 
Even when there is general as sent that interference· with 
the price mechanism is essential, tnany remain sceptical of 
economists' ability to quantitatively describe macroeconomic 
relationships so that practical, effective policies tnay be prescribed. 
That there are difficulties is adtnitted, but this does not mean attempts 
at quantification are worthless. Often a mathetnatical represent-
ation will predict oscillations in economic variates which far 
exceed any which would occur in the real world, but only because 
political intervention prevents them. The policy tnak~rs tnight 
have seen what is happening without necessarily understanding the 
underlying causative forces. It is likely that a mathematical 
model could accurately describe these forces and knowledge.of 
the functions would have suggested les s drastic and tnore effective 
corrective measures. These sentiments are expressed by Fox, 
Sengupta and Thorbecke (12] and are pos sibly best sum-rned up by 
a retnark in their concluding chapter: "Quantification'is tnost 
important, for without it we can hardly rise above the statetnent 
that 'everything affects everything else '. " 
,Jan Tinbergen is one of the pioneers of quantitative 
econotnic planning and has written prolifically on tnany aspects 
of the subject[ 36 - 40]. He has suggested a theoretical frame-
work for "economic policy models", the es sentials; of which are 
4 
described in. Sengupta and Fox (32} as well as in his own writings. 
Figure 1.1 derrlOnstrates diagrarnITlatically the nature of Tinbergen I s 
concept. The objective of policy is welfare or utilit/ which is a 
function of a nUITlber of variates. These are categorised as 
"target variables" or variables whose values are endogenous in 
the economic system (y vector), and "instruITlent variables" or 
variables which are exogenous (z vector). The instrument or 
policy variables together with predetermined or "uncontrollable 
factors" (u vector) interact in a set of structural relationships 
(themociel M) to give values of the target variables, Also there 
are "irrelevant variables" (x vector) which are side effects of the 
economic structure and do not affect the welfare function. The 
idea of a "policy model" is to reverse the structural relationships 
so as to calculate values of the instrument variables consistent 
with particular values of the target variables. When the quantitative 
relationships have been established the policy economist is charged 
with the task of setting acceptable levels of the target variables 
and solving the set of equations for values of the instrument 
variables, the only variables over which the planner has any controL 
The acceptability of the targets can be tested against the value of 
the welfare function. The feasibility of a policy solution is usually 
ensured by the mathematical relations in the model; factors which 
limit economic activity such as resource availability or technology 
should be accounted for as predetermined variables and would be 
entered in the calculations as data, or maximum and minimum 
1 Welfare and utility should not be regarded as synonomous, Welfare 
can be thought of as a weighted sum of the levels of utility 
achieved by the individuals which, en masse, compose society. 
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:!boundary conditions i' may be placed on values of the targets and 
instrument~. A possible mathematical formulation, using linear 
relationships, of a Tinbergen-type model follows. 
Optimise 
such that 
where 
W 
-
a' y 1- b'z (welfare function) 
Ay = Bz + Cu (model M) 
Ymin ~ y ~ Ymax (boundary conditions) 
z ~ z~ z min max 
Y is an I x 1 vector of target (endogenous) variables 
z is an I x 1 vector of instrument (exogenous) variables 
uis a K x 1 vector of uncontrollable (predetermined) variables 
a ..... b .... are I x 1 vectors of coefficients 
A •. Bare 1 x I non-sbgular matrices of coefficients 
C is an I x K matrix of coefficients. 
The reduced fornl of the model Mis: 
y 'A-
1 B' ·A- l C) 
=: I, .Iz + { uo 
The reduced form coeificients of this structure can be estimated 
using econometric techniques. 
Bz - Ay·~ Cu 
or z _ (B- 1 A)y - (B -1 C)ul 
1 It is not neceseary that model M be exactly identified in order to 
solve the polic y problem; the reduced form coefficients are 
eufficient s:ixlce B-1A ._(A-1B)-1 
a.r.,d B-1C _ (A-lB)-lA-1C 
Exogenous 
Variables 
. Policy 
InstruITlents 
Zl 
Z. 
J 
Data or 
Uncontrollable 
Factors 
u l 
Uz 
Uk 
FIGURE 1.1 
Tinbergen-Type Policy Model· 
System of structural relation-
ships connecting all variables: 
Endogenous 
Variables 
The "ITlodel" M Goals or "target variables I' 
-- -- -----
Yl 
YZ 
YI 
Side effects or 
I'irrelevant" 
Xl 
Xz 
x 
s 
Copied froITl Chapter 1 of Sengupta & Fox "OptiITlisation Techniques 
in Quantitative EconoITlic Models". 
Utility, welfared 
or ('objective function" 
w 
0" 
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The welfare function is not directly included in the policy 
calculation of this systeITl, a situation which need not occur when 
using the Tinbergen principles, This would be clas sified as a 
. "fixed target" policy ITlodel because the values of the target variables 
are decided before the equations are solved. The nUInber of 
instruITlent variables ITlust equal the nUInber of target variables and 
the ITlatrix B Inust be square and non-singular so that the values of 
the vector z can be calculated using the estiITlated reduced farIn 
coefficients. I However, it is' pos sible to devise "flexible target" 
Inodels in which the welfare function is optiITlised within the 
calculating routine. The nUInbers of targets and instruInents need 
not be equal in these ITlodels as is the case when linear prograInIning 
is the ITlathernatical tool on which the systeIn is based. In this 
instance the nUInber of policy variables in the optiInuITl solution will 
equal the nUInber of target variables although the nUITlber of instru-
Inents or policy choices specified in the original ITlodel forITlulation 
will usually be greater. 
The use of cOITlputational aRparatus like that just described 
is only part of the role of policy econoInics. Before a ITlodel can be 
asseInbled considerable thought and research Inust go into the 
selection and classification of variables. Also, when the policy 
solution has Been achieved it has to be interpreted with respect to 
its feasibility, the degree of uncertainty, and the Ineasures which 
should be iITlpleInented to bring the plan into reality. 
I 
. The ITlatrixA is required to be square and non-singular for 
equational consistency as the nUInber of structural relations 
ITlust equal the nUInber of endogenous variables. 
8 
Models which have been used for quantitative planning fall 
into two main categories: those whose functional relationships are 
estimated using econometric techniques, and those whose relation-
ships are based on input -output coefficients. Traditional input-
output models are usually projection routines of a fixed target nature, 
but recently considerable progress has been made in the development 
of flexible target optimisation models in which mathematical 
programming techniques are used with modified input-output data. 
1 . 3 The Aims of Polic L 
Occasional reference has been made to welfare functions, 
objective functions, the goals of society and the like, but no 
indication has been given of the apI~ropria.te mathematical expression 
of these ideas. Indeed, this is one of the weaker aspects of 
applied economic science; the measurement of social values is 
an area in which economists often resort to subjective judgments 
and rash generalisations. Nevertheless, there are a number of 
easily quantified concepts which are likely to have considerable 
bearing on total welfare. The following list covers most of them, 
although difficulty arises as to the weight which should be placed 
on each concept: 
(a) The size of per capita income. 
(b) The level of employment. 
(c) Stability of prices. 
(d) Equilibrium in the balance of payments. 
(e) Equitability of income distribution. 
(f) The lack of disparities in the prosperity and growth of 
different regions within the economy. 
(g) Diversification in the economy. 
(h) The Ilwealth" of the economy. 
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Often these goals will conflict and one has to be sacrificed 
for the sake of another, or some form of compromise has to be found. 
It must be remembered, however, that these aggregates are not 
likely to account for social costs such as pollution caused by large 
scale industrialisation, the lack of recreational and cultural 
facilities due to rapid suburban expansion, or the spoiling of scenic 
beauty by intensive agricultural practices. These problems are 
ignored in this study, as they have been elsewhere, not because they 
are small in importance but because of the rather modest aims of 
the exercise. This study is more concerned with the understanding 
and implications of sectoral interaction in the New Zealand economy 
than with prescribing a hard and fast optimal economic structure; 
it is principally involved with the "model M" part of the Tinbergen 
scheme. If more appropriate objective functions are specified in 
the future it should be pos sible to modify the model to accom1ll0date 
them. 
1.4 Research at Lincoln on Models for Indicative Planning 
The Agricultural Economics Research Unit at Lincoln 
College has been following for some time a research programme 
entitled "Studies in the Structural Development of the New Zealand 
Economyll. lnNewZealand the size of the agricultural and 
agricultural produce pr~ce\ssing sectors relative to the rest of 
the economy is such that changes in expectations and activity 
within these sectors have a considerable influence on the econ01llic 
climate in which other sectors exist. Input-output analysis is a 
" 
useful empirical tool for examining:interdependent situations o£ 
this kind. Consequently, the work at Lincoln has involved'the 
10 
use of an input-output model to project the structure 1 of the economy 
in a target year, given an acceptable level of consumption for that 
year and assumptions about the values of vital parameters in the 
model. Parameters affecting expectations in the agricultural 
sectors such as the terms of trade for exports of farm products 
are of particular interest. 
The model has initially been based on sixteen sectors 
and the nature of the projecting routine, the assumptions used, and 
the results achieved have been presented by Philpott and Ros s [29], 
. and Ross and Philpott [30]. The projecting routine is an iterative 
one, and is conveniently described diagramrnatically as in Figure 1.2. 
The key to the symbols in the diagram is : 
A is a matrix of current input-output coefficients. 
B is a matrix. of capital input-output coefficients 
(includes capital import coefficients). 
C is a vector of target changes in consumption plus 
government expenditure . 
. E is a vector of changes in exports by sectors. 
K is a vector of capital formation by sectors. 
Mis a vector of current import coefficients. 
D is a vector of capital-output ratios. 
A f I f h t " 2 C" d "d d set 0 va ues or t e consump Ion vector IS eCl e· 
on by the planning body. The inverse of the input-output matrix.A 
1 I'Structure" in this context refers to: the relative level of output 
of each of the sectors of the-model, the relative level of exports 
from. each sector, the relative level of investment by each sector, 
and the relative level of importing. of current and capital goods 
by each sector. 
2 "Consumption" will usually mean "consumption plus government 
expenditure" . 
FIGURE 1.2 
Illustration of Iterative Calculations of. Lincoln Projection Model 
A E~~ 
;....0 
..... 
=r-~>>------~ 
B 
Key to sym.bols contained in text. 
12 
is used to calculate changes in the level of output in each sector 
required by the increase in final demand. It is assumed that the 
economy has previously been operating at full capacity in all sectors 
" 
so that the capital required for this extra production must be formed 
within the system. The inve stment required is calculated with the 
vector of capital-output ratios D, and the matrix of capital input-
output coefficients B is used to calculate further increases in 
output (the vector K) and imports demanded by investNlent flows. 
Imports, needed for the increases in current output, are calculated 
using the vector of im.port coefficients M and the total im.port 
.. increases from this "first round" of computations determine 
increases in the levels of exports (the vector ;E) so that balance 
of paym.ents equilibrium will be maintained. The increases in 
output necessary to satisfy the importing and investm.ent require-
m.ents of the "first round" of calculations are the basis of a 
"second round" and so on until all the flows in the m.odel are 
,. 
balanced. The feasibility of the resulting structure can be tested 
by calculating labour requirements (or the requirements of any 
other lim.iting primary resource) using labour productivity coeff-
icients and com.paring the total labour required with the projected 
availability of labour in the target year. A num.be:r. of modifications 
have been .incorporated to augment this basic procedure. These 
, 
include: an allowance for private capital inflow so that total 
exports equal im.ports m.inus the capital inflow; the prescription 
of a certain amount of im.port substitution by lowering im.port 
coefficients by a given percentage and adding the differences to 
the coefficients for m.anufactured requirem.ents; the inclus ion of 
"autonomous investment" to account for investm.ent which cannot 
be handled by sim.ple capital-output ratios such as government 
investment in housing and roads. 
13 
The compilation of the data for the sixteen sector model 
is described in Ros s and Philpott [31 J . The input-output trans-
actions matrix is an aggregation of the inter-industry statistics 
published by the New Zealand Department of Statistics for 1959-60 [25J, 
which has been updated to 1964-65 using a technique known as 
R. A. S. The calculation of the capJtal input-output matrix is 
described in Francis [I 3 J . 1 
The Lincoln model was used by the Targets Committee 
of the National Development Conference, 1967 (35J to calculate 
a set of structural targets to hand on to the Steering Committee [34 J 
whose task it is to formulate measures so that the targets might be 
realised. The term "indicative 2lanning" has been used in the 
context of this work as the mathematical solution does not quantitatively 
define policy solutions, but it indicates which sectors require special 
attention and provides guidelines to the level of activity which should 
be induced in all sectors. 
1. 5 The Aims of the Present Study 
This study is part of the Lincoln interindustry research 
programme. Using the same basic interindustry data the task will 
be to determine the maximum amount of consumption which can be 
achieved in the target year. Rather than choosing a vector of 
1 The coefficients presented by T. W. Francis are not exactly the 
same as those used for the~final projections. Among other things 
the sector classification is slightly different to that used in the 
other'Lincoln work. However, the methodology is the same as 
that used for the calculation of the coefficients actually used. 
See Appendix I fora definition of the sixteen sectors. 
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consumption targets and using the' interindustry relationships to 
compute a structure which, will be the basis for econotnic policy, the 
aim ·is to use linear progranuning to calcula.tethe structure which 
will give the greatest level of consumption that the availability of 
lresources will allow. Not only will this method serve as a useful 
comparison with earlier work, but the linear programming technique 
gives greater flexibility to the model builder than the traditional 
Leontief input-output system. In particular the Leontief assumption 
that each sector produces one, distinct, homogeneous commodity can 
be relaxed. Thus it is possible to have each of two activities produc-
ing the same commodity so that the system can choose between alter-
I 
native sources of supply. It is also pos s.ible to make allowance for 
diminishing returns by specifying maximum levels for activities so 
that more of the, sam.e commodity ~an be produced only by an activity 
which has a larger requirement of scarce inputs. 
The scope of this study will be restricted mainly to maximising 
consumption so that the linear progratnming solution can be c~inpared 
! 
with the earlier projections, and there will be only a limited exposition 
of the ways in which choice can be introduced into an interindustry 
model. However, it is hoped that the way will be made clear for 
the formulation of more adventurous program.m.ing models of the 
New.Zealand economy. 
I Where choice is involved it is usual to refer to Ilactivities" rather 
than II sectorsll or "industries I'. Different activities producing the 
same commodity mayor may not be part of the same sector in the 
traditional sense. A full account of the modification of Leontief 
models using linear programming is given in Chenery and Clark, 
[ 8], Chapter 4 .. 
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CHAPTER II 
THE TREATMENT OF IMPORTS IN 
INTERINDUSTR Y MODELS 
2.1 Imports and the New Zealand Economy 
The New Zealand economy is unusual among the higher 
per capita income economies because of its high level of dependence 
on foreign trade - especially on foreign trade in agricultural 
products. An illustration of this is given in Table 2.1 which 
displays the total value of exports and the value of exports of food 
and agricultural products as percentages of gros s national product 
for a selection of the Western nations in 1966. Iceland is the only 
country with a higher proportion of exports of food and agricultural 
products than New Zealand; Denmark and Ireland are only a little 
lower but both of these are close to the heavily populated European 
continent, and in the case of Ireland a rather low per capita income 
is supported, New Zealand is also one of the countries which has a 
high dependence on total exports, but its unusual position is largely 
due to the fact that agricultural exports make up 90 per cent of 
total exports, This situation ras corne about because of the general 
paucity of mineral resources on which to base heavy industries so 
that high living standards have depended on large quantities of 
imported capital equipment and a very efficient pastoral farming 
industry has evolved as a means of providing the overseas finance 
to sustain a high level of importing. 
TABLE 2.1 
Relative ImEortance of EXEort Earnings with Reseect to G. N. P. 
G.N.P. Population GNP /head Total Exported Exports, food Food exports 
Merchandise & agric. as prop'nof 
products total exports 
($US. mn.) (rnn. ) ($US. ) ($US. mn) (0/0) ($US. mn) (0/0) (0/0) 
Australia 24,930 11. 541 2.,160 2949.6 11.8 2130.0 8.4 71 
Canada 53,025 20.050 2,645 9582.4 18.1 2049.9 3.9 22 
Denmark 11,119 .. 4.797 2,318 2401.9 21. 6 12.87.1 11. 6 54 
France 101,070 4'9.400 2 r 046 ,10886.2 10.8 2d25.3 Z.O 19 I-' 
Germany 120,267 57.485 2,092 20134.1 16.7 632.9 0'.5 3 0' 
Iceland 488 .196 2,,490 140.7 28.8 135.8 l7.8 97 
Ireland 2,919 2.884 1~.OJ2 681.6 23.4 406.1 1'3.9 59 
New Zealand 5,453 2.676 2,j)-371 1066.5 19.6 964.6 17.7 90 South Africa 11 , 906 18.298 651 1684.0 14.1 602.2 5.1 36 
United Kingdom 104,944 54.744 1, 917 14118.2 13.5 1128. 9 1.1 8 
United States 756,500 196.920 3,842 29899.0 4.0 7125. 0 0.9 29 
1 
Calculated on basis of total population rather than white population. 
Sources: U. N. Monthly Bulletin of Statistics, May 1968; F~A.O. Trade Year Book, 1968. 
17 
The precarious nature of international m.arkets for agricult-
ural products has. m.eant that there has always been pres sure for the 
establishm.ent of im.port substitution' industries in. New Zealand. The 
depres sion of the·l 930s aroused a feeling that the country would be 
better off if it was m.ore self sufficient. This was one of the driving 
forces behind the comprehensive system of im.port controls, first 
introduced by the Savage Governm.ent in 1938, which still exists. 
It would be desirable, therefore, in a study such as this to exam.ine 
quantitatively the consequences of different policies of import 
substitution, and, if possible, to determine the optimum level of 
im.porting for each import category - particularly for thoseim.ports 
which are in direct com.petition with the output of hom.e based 
industries. Of course it might be necessary to im.pose limits on the 
level of im.porting of som.e com.m.odities to avoid severe hardship 
within the labour force of som.e protected industries . The optimum. 
. structure should also allow for risk due to the instability of prices for 
agricultural exports. Som.e kind of stochastic programming would 
be m.ost suitable for this, but for this study it was decided to consider 
the economic structure for a range of foreign exchange earning 
coefficients for primary products. 1 The likelihood of dim.inishing 
marginal returns for exports, or even specific quota limits for some 
products, should also be allowed for. This is readily achieved within 
a linear programming fram.ework if the price elasticities of demand 
2 
for exports or the quota limits are known. 
1 A description of the use of random elem.ents in e<::onomic policy 
prograITlming models is given in Fox, Sengupta & Thorbecke [12], 
Chapter 9. 
2 See footnote on page 42 , Chapter III. 
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2.2 ,Methods of Representing Imports in Input-Output Models 
If imports are to be meaningfully handled so as to probe 
some of the questions which have just been raised, it is neces sary 
to understand the various ways they can be represented in an 
. input-output framework. Flb:-stly, the distinction should be made 
between imports which compete (or have the potential to compete) 
with the product of dome stic industries, and imports which do not 
face local competition. These will be referred to as "competitive 
imports" and "non-competitive imI?orts" respectively .. Non 
competitive imports are raw materials or produced goods which, 
for technical reasons, it is not practicable to mine ormanufacture 
locally. It is usual for these to be treated as lump inputs into the 
industries or final demand categories using them. Thus the input-
output model will have an equation based on the assumption that 
there are technical coefficients which account for the requirements 
of non-competitive imports for each industry. 
NCM 
where 
NCM 
X 
f 
i 
i 
Y 
f 
y 
n 
.-
I: 
i 
f.X. 
1 1 
+ f Y 
Y 
. - total value of non-competitive imports; 
::: value of output from industry i ; 
. . .. (2.1) 
::: requirements of non-competitive imports per unit 
of output from industry i 
. - value of final demand; 
::: imports of non-competitive final goods per unit 
of final demand. 
The as sumption of fixed coefficients is usual in input-
output models and if it is accepted there is no reason to categorise 
non-competitive imports; it is the level rather than the physical 
composition which is of consequence to economic analysis. 
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With respect to cOtnpetitive itnports, there are decisions to be 
tnade by (or for) each sector and each category of final detnand 
regarding the choice between itnported inputs and locally produced 
inputs. An analysis of cotnpetitive itnports in categories corresponding 
to the cotntnodities produced by the sectors of the tnodel would be 
appropriate to an investigation into the econotnics of these decisions. 
2.3 Catneron's Methods 
Burgess Catneron[ 4] has indicated three ways cOtnpetitive 
itnports can be incorporated into an input-output tnode!. 
(1) The first tnethod has a separate row for cotnpetitive 
itnports in the tnode!' Cotnpetitive itnports need to be classified 
by cotntnodities so that there is a one to one corres pondence between 
the itnport cotntnodity classifications and the sector cotntnodity 
clas sifications. Itnports of cotntnodity i are treated as a pritnary 
input to sectori whichtnay be thought of as being "resold" to the 
sectors actually using the itnports. The inter-industry coefficients 
in this tnodel should represent the unit requiretnents for cotntnodities 
regardless of their origin (i. e. itnported or locally produced); they 
might be called "true technical coefficients". 
X. 
1 
TCM 
where 
/ a .. 
IJ 
y. 
1 
TCM 
n 
L .. ' X. + y. i 1,2 .... n = a .. = • • •• (2. 2) 
j IJ J 1 
n 
= L M. = L tn.X. 
i 1 i 1 1 
.... (2.3) 
= requiretnent for cotntnodity i regardles s of origin 
per unit of output by industry j ; 
= value of cotntnodity i required for final detnand 
(regardless of origin). 
= total value of cOtnpetiti ve itnports. 
(2 ) 
x. 
1 
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= value of cornQeti~ive imports of commodity i 
= import coefficient for comnlOdity i. I 
as previously de£i~ed, 
In the second method competitive imports are disaggregated 
by use as well as by commodi!y, That is, each of the interindustry 
coefficients of the first method becomes two coefficients : one is the 
requirement of locally produced input per unit of output; the other 
is the requirement of ilnported input per unit of output. The 
competing. imports row is not needed in this case. 
D 
x. 
1 
M. 
1 
where 
X D i 
a .. 
IJ 
= 
n D y.D L a .. X. + 
j IJ J I 
i=I,2 ... n 
n 
m .. X.D y.M L + ., 
j 1J J 1 
i=I,2 ... n = 
= value of home produced output from sector i 
= requirement of home produced input per 
unit of output from sector j. 2 
• .•. (2.4) 
, ..• (2.5) 
I If m. is calculated from a transactions matrix as is usually the case 
in id"put-output studies (i. e. m i = M1/Xr), it implies that imports 
have a constant share of the market for commodity i; market share 
m. 
·1 
= I + m. 
·1 
2 The coefficients aij and IU,ij relate to the value of domestic output, 
whereas the coefficients· aij from the.first method relate to tot~l 
use (the value of domestic outP\lt plus the value of imports), i. e. 
D 
X. = X. + M .. 
1 1 '1 
yD 
i 
m .. 
IJ 
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= value of final detnand for home produced i ; 
= requirement of itnported i per unit of output 
frotn sector j ; 
= value of final demand for itnported i 
M., X. as previously defined . 
. 1 1 
(3) No attempt is made to das sify cOtnpetitive itnports by 
corrunodity in the third method, but they are das sified according 
to the industries for which they .areinputs. The competitive itnport 
coefficient for industry i is the per unit requirement of imported 
inputs (which. could have been produced within the economy). For 
. industry j it is the sum of all the competitive import input 
coefficients as described in (2) above. . As in Cameron I s first 
method there is one equation in the model to account for competitive 
imports, but the groupings are according to the sectors which use 
the itnports rather than the commodities imported. 
X. D 
1 
TCM 
where 
1 
M~ 
1 
m( 
1 
m' = 
J 
m. = 
1 
n D D 
= I: a~. X. ,+ y. i=l; ... n 
j IJ J 1 
. ... (2'l6) 
\ 
n 
y.M) 
n D yM (M~ I .- I: + ~, I: m. X. + 
i 1 1 i 1 1 
. .•. (2. 7) 
= value of inputs of competitive imports into industry i ; 
= requirement of inputs of competitive imports per unitl 
of output from industry j; 
n D 
I: m .. X. 
iIJ J 
D X. 
J 
n D 
I: m .. X. jIJ J 
X. 
1 
Y M t i 
= 
n 
I: m .. 
. i .IJ 
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n 
Y.M ~ :: E . , 
1 1 
D / D M X. , TCM, a .. , Y. , Y.as defined previously. 
1 1J 1 1 
Cameron points out the worth of his second method (2) 
because of its greater detail, but concedes that the necessary data 
is not usually available without a large scale prior investigation. 
Consequently, he suggests a data economising version of method (2) 
in which competing imports of commodity i are divided into: 
(a) Imports directly satisfying final demandfori. 
(b) Imports of commodity i purchased by industry i. 
(c) Imports of commodity i purchased by the other-industries. 
The main justification for this clas sification is that the physical 
differences between these groupings are likely to be matched by 
differences in import codficients. Cameron [3] used this method 
to estimate import substitution by sectors of the Australian economy 
between 1953/54 and 1957/58. 
A set of simplified numerical illustrations of Cameron I s 
four approaches is given in Tables 2. 2to 2.6. It will be noticed 
that the overall total in Tables 2.4 and 2.5 is less than the totals 
for the other illustrations . This is indicative of the comment in 
footnote 2, page 20; the competitive imports used are counted only 
as prirnaryinputs in each of these tables - the flows are not 
included as· intermediate input-output transactions. In Tables 2.2, 
2.3 and 2.6, competitive imports are actually counted twice : once 
as primary inputs and once as interindustry transactions. Hence 
the difference between the two totals (2300 - 1975 :: 325) is equal 
to the level of competitive importing. 
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TABLE 2.2 
Basic Data for Three Industry lllu.stration 
(Total levels of corn.modity available regardless of origin) 
Steel Parts Car Final Total 
Mfg. Mfg. Mfg. Demand 
Steel 50 150 50 250 
Parts 50 300 350 
Cars 200 750 950 
Primary 
Inputs 
Imports 100 125 200 425 
Factor 100 
Inputs 
25 200 325 
250 350 950 750 2300 
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TABLE 2.3 
Cameron Method 1. 
Steel 
Parts 
Cars 
Primary 
Inputs 
Non Compo 
Imports 
Competitive 
Imports 
Factor 
Inputs 
Total 
Steel 
Mfg. 
50 
25 
75 
100 
250 
Compo import--.12 
coefficient 250 
(ro.) 
1 
Car Car 
Parts . Mfg. 
Mfg. 
150 50 
50 300 
200 
25 50 
100 150 
25 200 
350 950 
100 150 
350 950 
Final Total 
Demand 
250 
350 
750 950 
100 
325 
325 
750 2300 
25 
TABLE 2.4 
Cameron Method 2 
Steel Parts Car Final Total 
Mfg. Mfg. Mfg. Dernand 
D 50 100 25 175 Steel
M 50 25 75 
D 25 225 250 
Parts M 25 75 100 
D 175 625 800 
Cars M 25 125 150 
Prirnary 
Inputs 
Non Compo 
Irnports 25 25 50 100 
Factor 
Inputs 100 25 200 325 
Total 175 250 800 750 1975 
Agg. Cornp. 
Irnport 75 125 125 
Coefficient 250 800 750 
Steel 
Parts 
Cars 
Primary 
Inputs 
Non Compo 
lJ:nports 
Compo 
lJ:nports 
Factor 
Inputs 
Total 
Con1p. import 
coeff. (m! ) 
1 
Steel 
Mfg. 
50 
25 
100 
175 
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TABLE 2.5 
Cameron Method 3 
Parts Car Final Total 
Mfg. Mfg. Demand 
lOO 25 175 
25 225 250 
175 625 800 
25 50 100 
75 125 125 325 
25 200 325 
250 800 750 1975 
75 125 175 
250 800 750 
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TABLE 2.6 
Cameron Method 4 
Steel Parts Car Final Total 
Mfg. Mfg. Mfg. Demand 
Steel 50 150 50 250 
Parts 50 300 350 
Cars 200 750 950 
Primary 
hl.puts 
Non Camp. 
Imports 25 25 50 100 
Camp. imports 
used within 
industry 25 25 50 
Camp. imports 
used by other 
industries 75 75 150 
. Camp. imports 
us ed by final 
demand 125 125 
Factor Inputs 100 25 200 325 
Total 250 350 950 750 2300 
Agg. camp. 75 100 150 
import coeff. 250 350 950 
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2.4 Matuzewski" Pitts and Sawyer Models 
Matuzewski, Pitts and Sawyer [22] have cOlllpared the llla 
mathelllatical properties of three lllodelswhichlllake different 
as sumptions about the relationships of competitive illlports to the 
economy. In all these models illlports are classified by cOllllllodity 
and are therefore similar to the first two Burgess Call1eron lllethods 
outlined above. 
(1) The first lllodel is a cOlllpletely disaggregated (double-celled) 
approach as in Call1eron I s second method. 
x D 
i 
M. 
·1 
= 
= 
n 
I: 
j 
n 
I: 
j 
x D a .. 
1J j 
x D m ... 
1J J 
+ Y.D i=1,2 .... n 1 
+ Y.M 1 " i=l, 2 .... n 
..•. (2.8) 
• ••• (2.9) 
It is pointed out that this systelll allows different industries 
to have different propensities to use the sameilllported input 
(lll .. -.:lirtk .,· i -# k), but it does not allow for substitution between 1J .' " . J . 
. illlported and dOlllestic inputs since m .. and a .. are a.llfixed 
1J ·1J 
coefficients and bear a constant relation to one another 
(.5i = constaJ· . 
\ lllij )' 
(2) The second lllodel corresponds to Call1eron'sfirst method. 
x D i 
M. 
1 
n 
= I: (a .. +lll .. )X.D+M. + Y.; i=1,2 ... n 
1J 1J J1 1 j 
. i::d, 2 .... n 
... 
· •.• (2.10) 
1 
· •.. (2.11) 
1 The joiIt ~6~fficient 4ij + mij corres ponds to a~j as defined earlier. 
In the exalllples described earliera~j ~. aij + lllij as it was related 
to total use of comlllodity j rather than total dOlllestic output. In 
the current example 4j = aij + tllij as all coefficients relate to 
domestic output. 
= y D + y.M where y. 
1 i 1 
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All other symbols as defined in Section 2. 3. 
In this case substitution between dotnestic and itnported inputs 
is pos sible, but it is specified that total itnports of a particular 
commodity have a constant share of the market for that commodity. 
(3) In the third model competitive itnports are exogenous. 
x D 
i 
M. 
1 
n D 
= L (a .. + tn . .)X. + y, 
. 1J1J 1 1 
J 
= M. 
1 
i=1, 2 ... n . 
M. 
1 
i=1, 2 ... n .... (2. 12) 
. ... (2.13) 
The values of the M. have to be determined from an independent 
1 
investigation. 
Using a 42 industry input-output transactions table of the 
Canadian econotny for 1949, as well as a table of the flows of 
cotnpetitive itnports (cross-classified by the same 42 industries), 
inverse matrices were calculated for each of the three models just 
"described. A final detnand vector for 1956 was then used to 
calculate industry output levels for each tnodel, and levels of 
competitive itnports for the first two models. Each set of projections 
was compared with direct estimates of the actual outputs and the 
actual competitive inputs so that the relative accuracy of the models 
could be evaluated. The first model performed best, although only 
marginally better than the second. 
2.5 Itnports· and. Linear· Programtning 
Both of the studies just reviewed apply to input-output 
analysis as it is used for projection of the sectoral structure of 
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the economy rather than calculation of the optimum structure. 
Nevertheles s, a general conclusion would be that the "double -celIe,d r, 
treatment, in which there are separate coefficients for locally 
produced and imported inputs of the same commodity, gives the best 
picture of the economy at anyone time. It has been pointed out, 
however, that there is a degree of inflexibility in that substitution 
between local goods and competitive imports is not allowed for. But 
if sufficient information is available for a model of this type to be 
forrned, the true technological coefficients can be calculated (a< 
1J 
rather than a,., m . .). These provide the best basis for a programming 
1J 1J 
model which, hopefully, should be able to make the optimal "decision" 
regarding import substitution. Table 2. 7 illustrates how this might 
be achieved for a three sector economy. Any activity requiring 
commodity l, for example, has the choice of using the domestic 
production activity or the importing activity for commodity 1 (these 
are the only activities in the model with a negative coefficient in 
Row 1 and are therefore the only activities which are a source of 
supply of commodity l). The only input for the importing option 
is a unit of foreign exchange, whereas the domestic activity requires 
other inputs but has a lower requirement of foreign exchange. The 
programming routine will choose between the two so that the 
marginal revenue (marginal addition to the objective function) is 
greater than or equal to the marginal cost for each activity. 
2.6 . As ses sment of Data Available for New Zealand 
In the Lincoln input-output projection model, which is the 
base for this study, no distinction is made between competitive and 
non-competitive imports. Nor is any distinction made between 
different imported commodities. There is simply an import coeff-
icient for each sector and final demand category which represents 
TABLE 2~ 7 
Sample Layout for Choice Between Local Production 
and Competitht,e Imports 
Domestic Production Activities Importing Activities 
Commodity I Commodity 2 Commodity 3 Commodity I Commodity 2 Commodity 3 
Row I a/ - I / I 
11 a I2 a I3 
- I 
Row 2 / a 21 
/ a
Z2 
- I / a 23 - I 
/ / al - I a 31 a"32 33 Row 3 - 1 
Foreign 
m 
exchange I m 2 m3 + I + I + I 
a( • m. as defined in Sec. 2.3. 
1J 1 
w 
...... 
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the proportion of inputs which are imported. The Department of 
Statistics data on which the Lincoln model is based gives imports 
of 44 sectors in 73 cotnmodity categories. It also gives a list of 
imported commodities "treatecl as competing with dotnestic production 
delivered to intermediate detnand". 1 However, it would be a 
considerablte task to clas sify. the 73 commodity groupings into 
commodities corresponding to the output of the 44 sectors because 
pf difficulties of definition; a large amount of overlapping between 
'the 73 commodity classifications and the 44 (or 16) categories means 
that this would not be a sitnple aggregation. In addition to this there 
is a problem concerning the degree of protection afforded to some 
industries; the published figures refer to the existing level of 
competitive imports rather than the potential level if physical quotas 
were removed. For the sake of what was considered to be the more 
urgent need, the develpptnent of an optimisation model of the New 
Zealand economy, a tnore arbitrary approach than that suggested in 
, 
the last section for the treattnent of imports was adopted. 
Most cotnpetitive imEorts - certainly those which are 
interesting from the import substitution aspect - cotnpete with 
cotnmodities which are products of the "Other Manufacturing" sector 
of the Lincoln model. Alternative activities could be offered for 
each sector or final demand activity in which the coefficient in the 
foreign e~change ;ow is arbitrarily lower (5, 10, 15 per cent), and 
the coefficient representing the requirement of "Other Manufacturing" 
output is correspondingly higher. A possible programtning scheme 
for this is demonstrated in Table 2. 8 for a three sector model. 
1 Interindustry Study of the New Zealand Economy, 1959/60[ 25], 
Part 4, Appendices 4A, 4B. 
Row I 
Row Z 
Row 3 
Foreign 
exchange 
TABLE Z.8 
Programming to allow for pos sible Import Substitution 
by Activity Producing Commodity Z 
Activities using traditional input mix 
Activities using Commodity 2 which has been 
traditionally imported 
PI Pz P 3 * PI * P z P 3 
>!e 
Commodity 1 Commodity Z Commodity 3 Commodity I Commodity 2 Commodity 3 
a 11- I alZ a13 all - I alZ a l3 
aZI a ZZ - I a Z3 aZI + Xl a ZZ+ Xz - 1 a Z3+ x3 
a 31 a 3Z .. a 33 - I a 31 a 3Z ~3- I 
m l m Z m3 m l - Xl m Z - Xz m -x 3 3 
x. = . 05 m. for 5% import substitution 
1 1 
= . 10 m. for 10% import substitution 
'1 
etc. 
w 
w 
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It ma y be that import substitution industries are higher cost 
industrie s than the overseas manufacturer, and that an amount 
greater than Xj should be added to the a 2j coefficient but this 
pos sibility has not been accounted for in this study. 
It would be pos sible to optimise the model given that 
certain protected industries must continue to exist by specifying 
minimum levels of output for activities using import substituting 
manufactured inputs. Say, for instance, that the manufactured 
goods used by' activity P 3 are the output of an industry which is 
required (for some non-economic reason) to be protected. This 
can be achieved by placing a minimum restriction on the level at 
>'< 
which activity P 3' - the activity which substitutes manufactured 
inputs for imports - will be in the solution. 
A further step towards more accurate analysis of import 
substitution industries without a detailed commodity analysis of 
imports would be disaggregation of the "Other Manufacturing" 
sector. "Other Manufacturing" is an aggregation of 76 industries 
of the Department of Statistic s 110 industry input-output data for 
1959-60[ 25J. 1 The Lincoln model is at present being reconstructed 
and, among other new features, the "Other Manufacturing" sector 
will be aggregated into three sectors. 
sectors will be as follows: 
The definitions of the new 
(1) Non-tradable manufactured goods: this sector consists 
of industries producing goods which, because of their physical 
properticis, it is not practicable to trade internationally, e. g. 
brick manufacturing, bread mC3:king, bottle· manufacturing. 
1 See Ross & Philpott [ 3lJ, Appendix II. 
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(2) Competitive tradable products: this sector is composed 
of industries which are able to compete successfully with 
overseas industries producing similar goods, Successful 
exporting or the potential to export are the main criteria 
for including an industry in this group. 
(3) Non-competitive tradable products: this sector 
encompasses industries which are not able to export successfully 
and industries which are p-rotected, This is the sector which 
is of particular interest in the study of import substitution; 
it is likely that industries which are not efficient exporters 
could be efficient export substitutors. 
This work is proceeding at Lincoln College under the 
direction of Professor B.J. Ross. At the time of writing it was 
incomplete so the optimisation model has been set up without this 
additional refinement. 
2. 7 .. Summary 
Conceptually, import substitution (a topic of some relevance 
to the co.ntinued prosperity of New Zealand), can readily be analysed 
using a linear programming framework. In practice, however, the 
demands on data - particularly on data of the commodity composition 
and use of imports - are very great indeed. Of course a considerable 
amount of detailed statistical detail is available on the coinmodity 
composition of imports, but this has to be aggregated into "commodities" 
which correspond to the "commodities'! defined for the input-output 
data vailable. Also, very little direct information is available 
on the distribution or use of imported goods. Yet anoth:et' stu~bling 
block is that very little factual material exists on the true competitive 
position of New Zealand! s manufacturing industries. A long period 
of absolute protection has meant that many large, apparently 
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efficient industries exist (i. e., efficient in that they compete for 
resources and markets in the New Zealand economic climate and 
are not exposed to competition from overseas corporations which 
. may. be technically superior or may have access toa more suitable 
endowment of resources). 
A detailed study on protection, import composition and 
distribution is therefore warranted for New Zealand, and would 
be of great value to indicative planning models. However, there 
are alternative, admittedly less satisfactory, ways of treating the 
problem. The compromises reached have been explained in this· 
chapter. 
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CHAPTER III 
THE APPLICATION OF LINEAR PROGRAMMING TO 
MACRO ECONOMICS 
3.1 Introduct ion 
An indication is given in Chapter I of how linear 
prograITlITling ITlight be used to introduce choice into a standard 
Leontief input-output ITlodel. It is only cOITlparatively recently 
that atteITlpts have been ITlade to put these principles to practical 
1 
use. However, the nUITlber of P!ojects froITl which workers in 
this field can draw experience is increasing rapidly and the purpose 
of this chapter is to outline the ITlethodology of a few such projects 
which have influenced this study, and to eTIlphasise their salient 
features. 
Linear prograITlITling is one of the ITlathematical 
procedures used in activity analysis and in process analysis. These 
two analytical concepts are substantially the same, except that 
process analysis deals with individual proces ses or production 
techniques rather than aggregated industries or sectors, but there 
1 The earliest studies in which linear prograITlITling has been used 
to test an econoITlic plan for a whole econoITlY recognised by Chenery 
and Clark[ 8J are those by Frisch 1954 [14 J, Chenery & 
KretschITler 1956[9Jand Chenery 1955,1958(6, 7J. 
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is not usually a sufficient store of appropriat e data or of computing 
capacity for the principle to be applied to a whole economy. It 
could be said, therefore, that the present study is concerned with 
activity analysis and that an "activity" is more closely allied to a 
1 
Leontief industry or sector than to a particular production technique 
within an industry, and that each activity is responsible for the 
production of a particular "commodity". The terms "activity" and 
"commodity" are used in the more general sense throughout this study. 
3.2 Chenery & Kretschmer 1956 [ 9 ] 
A full description of the application of mathematical 
programminr techniques to problems of economic development is 
. 2 gIVen by Chenery and Kretschmer. They suggest that four sets of 
structural relationships need to be quantified to analyse these 
problems in this way: 
(1 ) 
(2 ) 
(3) 
(4 ) 
A statement of social goals in terms of economic 
variables. 
A set of production functions. 
A set of supply functions for imports and demand 
functions for exports. 
Specifications of the productive resources available. 
As has been discussed elsewhere the statement of social 
goals in mathematical terms is difficult, and at best the 
. 3 programmer can hope to achieve an approximation to realIty. 
1 Note, however, the distinction made between activities and'industries 
in footnote 1, page 14. Industries and sectors maybe regarded as 
synonomous in this study but this is not necessarily always the case. 
2 A similar discussion is contained in Chenery & Clark, ch. 11, [8]. 
3 Chapter I, Section 1.3. 
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Usually he will maximise national income or some closely related 
aggregate which can be expressed as a linear function of economic 
variables. Because of the particular conditions for which their 
rnodel was formulated, Chenery and Kretschrner chose to set a level 
of cons urnption and to minimise the capital required to achieve it. 
The assumptions are made that price changes due to a programrned 
solution do not seriously invalidate the values of parameters, and 
that the optimal welfare distribution of consumption can be made 
independently of the pattern of resource use. 
The set of production functions needed will usually be 
forrned from the coefficients of a Leontief input-output system. 
The Leontief concept of a sector or industry is slightly broadened 
so that alternative technologies as well as alternative sources of 
supply (locally produced or imported) are available. Cheneryand 
Kretschmer set out a sample systern of aggregation for a particular 
sector and this is reproduced in Table 3.1. 
This sector is responsible for the production of three 
commodities: Commodity 1, Commodity l and Commodity 3. 
Th~se will always be produced in the sarne proportions xl' xl' x3 
( L. x. = 1). Each commodity is produced by a subsector, and 11 
within each subsector there are a nurnber of activities representing 
alternative ways of producing the commodity in question. Thus 
for subsector 1 there are four ways in which the model can provide 
Cornmodity 1 - three production activities labelled A, B, C, and 
one importing activity labelled M. Similarly Subsector l has three 
alternative activities - two production activities and one importing 
activity; Subs ector 3 has only one production alternative to compete 
with the importing activity. Comrnodity k symbolises the require-
ments of this sector for all other commodities available in the 
economy. 
TABLE 3.1 
System of Aggregation for Sector I 
Subsector 1 Subsector 2 Subsector 3 
Output 
.. Proportions 
Activities IA IB l C 1M 2A 2B 2M 3
A 3M 
-1 
A B 0 
A 
Commodity 1 -1 -1 -1 a 12 a l2 a 13 0 Xl 
A B C 0 -1 -1 
A 
Commodity 2 a 21 a 21 a 21 -1 a 23 0 
x 2 
Commodity 3 A B C 0 
A B 0 I -1 a 31 a 31 a 31 a 32 a 32 -1 x3 
Commodity k A B C 0 
A B 0 A 0 a kl a kl a kl a k2 a k2 a k3 
Foreign 0 0 0 gl 0 0 g2 0 Exchange g3 
A B CC CA C B C A Capital C l Cl 0 0 0 1 2 2 3 
L...--. ------- --- - - ---- ---- -------- - - -----------_ .. _-
-
Source: Table 1, page 373 [9] _ (The positive and negative signs have been 
alternated from the original so they conform to usual linear 
programming nomenclature. ) 
--
~ 
o 
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The whole of the E!oduction function information (input 
structures of all the activities) is moulded into a system of equations 
which dictate that the total use of any commodity does not exceed 
the total supply. 
A generalised equation of this type would be: 
Imports of \. ' Interindustry Domestic 
production of + 
commodity i 
commodity i...) use of + 
./ commodity i 
Public & 
private 
Exports 
of 
consumpt- commodity 
ion of i '.i 
A reconciliation equation for commodity 3 of Table 3.1 could be: 
where 
c 3 C' + E3 
X. is the level of output of activity j 
J 
C. is the level of consumption.:' (' , 
. . .. (3. 1 ) 
E3 is the level of exporting of commodity 3 
a 3j is the input of commodity 3 per unit of activity j. 
c 3 is the amount of commodity 3 per unit of consumption. 
'" 
Ideally. the total demand for a commodity will equal its 
total supply, a sit uation referred to as competitive equilibrium, 
but the mathematically weaker inequality is all that is necessary 
to ensure a feasible economic structure. 
If it is assumed that imports of commodities are a small 
proportion of world trade so that importers face perfectly elastic 
supply curves, imports can be handled as alternative sources of 
supply to domestic activities. The act ivities superscripted M' 
in Table 3.1 are imported activities; the foreign exchange cost 
of importing one unit of commodity i is g .. 
1 
The assumption that 
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exporters face perfectly elastic detnand curves is often tnore 
difficult to accept, and in their paper Chenery and Kretschtner expres s 
the price of exports as a decreasing linear function of their leveL 
This results in a quadratic equation in the systetn so that non-linear 
rather than linear progratntning tnethods are required to solve the 
tnodel. 
Let E. be the level of exporting of cotntnodity j 
J 
M. be the level of itnporting of cotntnodity j 
J 
D be the tnaxitnutn foreign exchange deficit 
h. be the unit price of exports of j 
J 
g. be the unit price of itnpqrts 0l j 
J 
The foreign exchange restriction is therefore: 
~ g .. M. 
. J J 
J 
--. ~ h.E. <D ..... 
. J J 
J 
(3.2) 
Let the price of exports be a ditninishing linear function 
of their level: 
h. = Y. t· P.E. 
J J J J 
(y > O,P < 0) 
The constraint now becotnes 
~ g.M. 
j J J 
- ~ y. 
j J 
2 
- ~ p.E. ./D .... 
. J J ~ 
J . 
(3. 3) 
(3.4) 
However, Chenery and Clark explain that the linearity of the tnodel 
can be tnaintained by having several exporting activities. 1 
1 . 
See footnote on p. 291 of Chenery & Clark[ 8]. See also the 
suggest ed tnethod for accotntnodating ditninishing returns in 
Chapter I, Section l. 5. 
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Resources which are limited in supply are easily 
accommodated if the rates at which thew will be used by the 
various activities are known. Existing stocks of capital goods 
. and the s.ize of the labour force are the usual physical factors which 
constrain the overall level of activity. In the Chenery-Ketschmer 
model there is no specific treatment of the capital stocks available 
to each sector or of investment purchases by each sector. There 
is simply an equation which computes the sum of the individual 
capital requirements of the sectors. This constitutes the objective 
function of the program and is minimised by the optimising routine. 
Also it will generally be desirable to balance overseas payments 
with export earnings, or at least to have a maximum allowable 
deficit, and an equation expressing this constraint will usually be 
included (see equation 3.2 above). 
Blyth & Crothall,. 1965[ 2] . 
There are four kinds of activity in the Blyth-Crothall 
model of the New Zealand economy: 
(a) Current production activities, 
(b) Exporting activities, 
(c) Importing activities, 
(d) A consumption activity. 
Investment in the economy is accounted for by providing two types 
of current production activity - production from existing plant and 
production using new plant. Production from .existing plant is 
restricted in each sector by a capacity measure representative of 
the stock of capital available for use; the coefficients for these 
activities are the current input requirements per unit of output. 
The coefficients for the production from new plant account for the 
current input requirements plus the inputs of capital goods required 
44 
to make a unit of capacity available to that sector. The authors 
explain that the production using new capital activities are composite 
activities, Consider such an activity, AZO; this can be regarded 
b f A/ // b h 1 as a corn ination 0 two activities ZO and ArZO y t e re ation: 
where 
/ 
.A: Z 0 
~ ZO 
k 
is 
is 
is 
(3. 5) 
the level of current production using new plant. 
an investment or capital formation activity which 
produces the appropriate plant for ~O. 
the capital-output ratio which states how many 
units of investment are required to provide capital 
with the capacity to produce one unit of ~o. 
This definition ignores the time lag between capita.). formation and 
its use, but this was not considered to be a serious drawback to 
the model's ability to give a reasonable indication of the most 
desirable economic structure. 
The exporting, importing and consumption activities follow 
the same. pattern as those used by Chenery and Kretschmer. 
However, it is worth noting that to eal'n a unit of foreign exchange 
output is required from sectors other than the one producing the 
commodity being exported. This is to account for ancillary internal 
costs specifically associated with the activity of exporting, e, g. 
wharf handling expense"s, insurance costs, storage. The model is 
an annual model so that all variables are defined as levels or amounts 
for a particular year, and the program maximises the level of 
consumption for that year, 
The constraints to the linear programming problem are 
similar to those used by Chenery & Kretschmer. There are 
production reconciliation rows, a foreign exchange row, a labour 
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constraint, and ITlaxiITluITllirnits on the levels of exporting activities 
which are analogous to those used in the earlier study. A land 
constraint is also included but this does not constitute a divergence 
froTIl the fundaTIlentallogic of the other resource restrictions. 
In addition the output in each sector is restricted by the size o£ a 
stock of capital. When this stock is exhausted (it is "used" at the 
rate deterITlined by a capital out~ut ratio for each sector) further 
output of the COITlTIlodity in question is pos sible only froTIl activities 
using new capital. 
Total investTIlent (or, in terTIlS of the variables of the TIlodel, 
the production froTIl activities using ne~ capital) is restricted by 
the availability of "waiting". This concept is rather abstract and 
is dealt with sparingly in Blyth & Crothall's paper. The following 
description can be regarded as this author's understanding of it. 
The concept is intended to cOTIlbine the current cost and tiTIle 
(discounting) aspects of investTIlent expenditure. Waiting is 
TIleasured in years and when TIlultiplied by its price (dollars per year) 
gives the total interest cost of new investTIlent. The price of 
waiting is regarded as a constant and is of the nature of an average 
interest rate, or a rate of preference between a dollar's worth of 
consuTIlption now and a dollar's worth of consuITlption one year later. 
Waiting is therefore representative of the greater opportunit y costs 
(discounted future consuTIlption sacrificed) or 110SS" of present 
value of longer terTIlinvestTIlents : a large investTIlent for which the 
payback is quick TIlayhave a larger present value than a TIluch sTIlaller 
investTIlent which does not yield positive cash flows until a consider-
able tiTIle has elapsed. The total aTIlount of waiting available in a 
given year should be related to the economy's ability to finance 
new investment and service the interest costs until the capital 
goods purchased can "pay their own way". The concept is akin to 
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the identity of static economic theory that total savings equals 
total investment; but it has an additional dynamic attribute which 
accounts for the fact that investments in different projects have 
different payback times as well as different initia11ump sum 
purchas e requirements. 
The data for the model comes mainly from the 1954-55 
interindustry study carried out by the New Zealand Department of 
Statistics [26] , which is rather limited in its scope, and the 
authors give their model the status of "a pilot programming model". 
Nevertheless, they define alternative activities by making arbitrary 
adjustments to the basic data and thus display clearly the flexibility 
linear programming gives to the national economic planner. 
Hence allowance is made for increasing marginal costs in farming, 
and choice is available between capital intensive and labour intensive 
technologies for the production activities using new capital. 
The model was solved for the year 1954-55 and the manner 
. in which the solution should be interpreted is demonstrated. It is 
emphasised that a sensitivity analysis of the solutionis of greater 
value to the planner than the actual values of the solution. This 
involves examining the possibility that sub-optimal solutions might 
be acceptable; and an interpretation of the shadow prices or dual 
solution, Thus· it is pos sible to isolate "bottlenecks" or areas of 
strain within the economy. The likely consequences of some 
policies can also be tested in this way. Priorities for planning 
should be based on this type of analysis, which reveals the 
constraints that have the greatest "cost", rather than on the actual 
numerical solution. 
3.4 Manne, 1963 [21] 
Manne's programming model is an example of process 
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analysis rath~r than activity ana.lysis as the variables are sufficiently 
disaggregated to represent particular production techniques and the 
input data is of an engineering nature. However, the author does 
not claim to have treated the whole economy with this degree of 
detail but that he has encompassed the "key sectors" of the economy 
(Mexico). The level of output in other sectors is treated in much 
the same way as exogenous final demand would be if the activity 
analysis approach was taken. The distinction between what is a 
"key sector" and what is not was made on the basis of the interests 
of the organisation sponsoring the study, Nacional Financiera, S. A., 
and of the limited personnel and time available to carry out the! 
I 
project. Manne's approach would seem to be in line with a 
comment made· by Chenery and Clark on the practical use of 
programming methods for planning economic development: "The 
more likely evolution of programming technique is therefore first 
to develop models which only include alternative activities in 
1 
sectors where they are critical to the solution. ,I A ten year 
planning horizon was chosen as a "pragmatic compromise" between 
the difficulty of realistically estimating the rate of technological 
change over a longer period, and the distortion of reality which 
would occur due to ignoring lags between investment and output 
in shorter time period models. 
A feature of the model is that it incorporates endogenous 
generation of demand for capital equipment. That is, an investment 
flow is necessary in order that a capital stock might exist and be 
used for current production. The model programs increases in 
annual production flows and as s urnes that the capital stocks to 
1 Chenery and Clark, p. 299 [ 8] . 
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support the increases ITlust also be produced during the ten year 
horizon. However, this capital need not all be forITled in the 
final year - the year to which the prograITlmed solution applies; 
that is, the investITlent flow in the final year does not have to be 
equal to the full value of the increase in the size of the capital stock. 
At the same tiITle, it could reasonably be expected that the level 
of investment would increase during the period, possibly:bya 
\ 
fixed proportion of its level each year. 
Let the annual rate of growth of capacity be g : let the 
capacity of sectori at the beginning of year 1 (the first year of 
the planning horizon) be X.' 
1 
Therefore the capacity of sectori at the beginning of year 10 would be: 
(1 10 + g) X. 
1 
The increase in capacity (to be financed by investment during the 
period) equals: 
10 [(1 + g) - 1] X. 
1 
The amount of investment which would take place during year 10 
would be g multiplied by the capacity at the beginning of year 10: 
10 g(1 + g) X. 
1 
Therefore the fraction of the total investment during the ten year 
horizon that takes place in the final year is: 
10 g(l + g) 
[ 10 (l+g) -1] 
Manne used. 15 as a linear approximation to this value. 
This means the ITlodel dictates that 15 per cent of total investment 
during the period must occur in the final year. An indicattion of the 
accuracy of this technique is given in Table 3.2, Again he has 
TABLE 3.2 
Comparison of Linear Approximation to Proportion of Investment 
Occurring in Final Year of Ten Year Horizon and Precise Calculation 
Capacity 
growth rate 
Linear approx. 
Precise Calc. 
g 5. 00/0 
10 
.15 [(l+g) -l]X. .094 X. 
- 1 1 
10 
• OBI x. g(1 + g) X. 
1 1 
Source: p. 384, Manne [21] 
7 . 50/0 1 o. 00/0 
.159 X. .239 X. 
1 1 
. 155 X. ~ 259 X . 
1 1 
o.J:::.. 
'" 
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shown how to achieve a reasonable approximation to a theoretically 
more desirable but, because of limited research resources or 
techniques, impracticable analytical structure. 
Another novel feature of this work is that the objective 
function is to minimise the foreign exchange required as loans 
by the key sectors. The Mexican economy has massive under-
employment of labour and any improvement of this situation will 
require massive imports of capital equipment. Planners will be 
more interested in the structure which will achieve a certain set 
of consumption targets and minimises the strain on overseas 
borrowing than in a structure which will maximise consumption 
given a maximum foreign exchange deficit. It is obvious that 
foreign exchange is a bottleneck to growth; the minimum strain put 
on the economy by that bottleneck is the major concern of economic 
strategists. Of course, this ignores the very important fact that 
resources will need to be used to educate the surplus labourers in 
order that they might be able to use the imported equipment for 
production. 
3.5 Moustacchi, 1964 [24 J. 
The model described by Moustacchi was. developed by 
Desport, Raiman and Moustacchi and has been used in the formulation 
of France I s Fifth Plan. Not only is the article interesting for the 
model outlined, but because particular attention is paid to the 
interpretation and significance of the dual solution to national linear 
programtning models. 
Two production techniques are available to each sector 
during the planning horizon which is divided into two periods. 
"Average" or traditional technologies can be used in each of these 
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periods; production using" modern" technologies is allowed in the 
second period if the relevant investment activity is activated for 
the first period. Also there is provision for production using 
"overheating techniques!! in the first period. These activities allow 
production in exces s of the capital stock in the first period, but the 
productivity: of labour. is lower than for the !!average technique!!. 
The labour force.is grouped so that labour must come from a 
particular group for each sector. Restrictions are placed on 
the: movement of labour from one sector to another. The 
objective function for the model. exhibits a utility idea, and is 
a function of consumption in each of the periods and investment; 
the goal of society is taken to be maximisation of the present value 
of cons umption plus the residual value of capital equipment. 
An alternative to programming for the optimum allocation 
of resources among producing sectors inan economy would be the 
optimum valuation of the resources so that they would be used by 
the'various sectors in the optimum proportions. The dual solution 
to a linear program which allocates resources for the economy is 
often interpreted as such a price system. If any restriction in a 
programming problem limits the value· oJ the objective function, 
that restriction may be regarded as a cost whose quantitative 
expression could be the amount by which the objective could be 
increased per unit of relaxation of the restriction. It is easily 
shown that the values of the dual solution to a linear programming 
problem is just such a system of costs, e. g., 
Consider the linear programming problem 
Max Z = CX 
subject to 
AX < b 
X )- 0 
where 
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X is a vector of primal variables 
b is a vector of resource availability 
C is a vector of objective function~l:lllit-values 
A is a matrix of coefficients 
The dual to this problem is 
Min. Z = b/W 
subject to 
A/W)C 
W>O 
where W is a vector of dual variables. 
Partially differentiating the objective of the dual in terms 
of the b vectors: 
or 
az 
Ob 
Z 
az 
ab 1 
aZ 
Ob2 
az 
ab 
m 
= w 
= 
= 
= 
= W 
m 
az ili 
is the marginal value of the i restriction to the system 
ab, 
1 
of equations. 
W. is the value of the ith dual variable. 
1 
This shows the values of the dual variables are unit values 
of the commodities or resources limited by the restrictions of the 
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primal. When the objective function is expressed.in dollars (as 
it normally is in models of this nature) these values are competitive 
equilibrium dollar values of scarce resources or the output of 
sectors. Where the unit of the restriction equation is also dollars, 
as is usually the case for the measurement of sectoral output, the 
values of the dual solution would ideally be one. Imperfectations 
of the market mechanism and inconsistencies within the model will 
often mean that only a poor approximation to this ideal is achieved. 
Moustacchi concludes that his model produces relative 
prices which are valid only when they approximate to the prices 
of a "reference outline" or initial optimum situation. When prices 
deviate from this pattern it is not easy to be confident that the 
input proportions for the productive sectors and consumption are 
reasonable approximations to the true ones. In addition, input 
proportions are likely to change with the level of activity. It 
might be possible to circumvent some of these difficulties by 
devising financial constraints for the system. In spite of such 
problems, the shadow price solution to a macroeconomic linear 
program will indicate which sectors or resources are most 
critical to the economy in question. 
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CHAPTER IV 
A LINEAR PROGRAMMING MODEL OF TH~ 
NEW ZEALAND ECONOMY 
.... 
, 
A case has been presented for the use of quantitative ITlethods 
for national econoITlic planning, and exaITlples given of the use of 
linear prograITlITling for this purpose. It is proposed in this chapter 
to forITlally outline a linear prograITlITling ITlodel for the New Zealand 
econOITlY, and to describe a nUITlerical fortn of the ITlodel which will 
cotnpletnent other research in the saITle field. 
4. I Definition of Variables 
The following definitions and sYnlbols will apply to the 
varia ble s of the tnodel: 
N - the nutnber of activities; 
R - the nutnber of sectors (cotntnodities) 
P. - the 
J 
value 
in the 
j = 1, 
in constant prices 
target year; 
2 .•... N; 
of the output of activity j 
1. - the value in constant prices of purchases of net 
J investITlent goods by activity j in the tal'g,et year, 
j = l, 2 .. 0 • 0 N; 
C - the total value in constant prices of consuITlption plus 
governtnent expenditure by the indigenous population 
in the target year;l 
!"Indigenous" in this context refers to population living in New Zealand 
before the period for which the tnodel progratns. "IITltnigrants" are 
people who ITligrate to New Zealand during the planning horizon. 
E. 
J 
M 
a .. 
IJ 
a . 
mJ 
b .. 
IJ 
b . 
mJ 
C. 
1 
c 
m 
e .. 
IJ 
k. 
J 
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- the total value in constant prices of consumption 
plus government expenditure by immigrants, 
in the target year; 
- the level of exporting, valued in constant domestic 
prices, of the output of sector j in the target year, 
j = I, 2 .... ~; 
- the number (thousands) of immigrants during the 
planning period; 
- the output of sector i required per unit of output 
of activity j. 
j = 1" 2 0 Q ~ 01 R, 
j = 1, 2 .... N; 
- the level of importing, valued in constant domestic 
prices, required per unit of output of activity j, 
j=1,2 .... N; 
- the output of sector i required per unit of net investment 
by activity j, 
i = 1, 2 .... R, 
j=1,2 .... N; 
level of importing, ;valued iIi co'nstantddrr:nestic pr,rces,. 
required per unit of net investment by activity j, 
j= 1, 2 .... N; 
- output of sector i required per unit of consumption plus 
gove rnment expe nditure, 
i = 1, 2., .. R; 
level of importing, valued in constant domestic prices, 
required per unit of consumption plus government 
expenditure; 
- output of sector i required per unit of exporting of the 
output of sector j, 
i = 1, 2 .... R, 
j = 1, 2 .... R; 
- capital-output ratio appropriate to activity j, 
j == 1, 2 .... N; 
g. 
1 
d. 
J 
s 
1. 
J 
K. 
1 
Q. 
1 
D 
L 
TC 
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- capital formation required by activity i per unit of 
immigration, 
i = 1, 2 .... N; 
- depreciation as a proportion of total output for 
aotivity j, 
j=1,2 .... N; 
- amount of savings ach.ieved per unit of consumption 
plus government expenditure by the indigenous 
po pulation; 
- amount of savings achieved per unit of consumption 
plus government expenditure by the immigrant population; 
- labour -output ratio appropriate to activity j in the target 
year (inverse of labour productivity ratio), 
j=1,2 .... N; 
- the capital stock available for production by activity i 
at the beginning of the planning horizon, 
i = 1, 2 .... N; 
maximum level of exporting of the output of sector i 
in the target year, 
i = 1, 2 .... R; 
- maximum deficit in current account of overseas 
transactions in the target year. 
- the projected labour force available in the target year 
assuming zero net annual immigration; 
- total level of consu~ption plus government expenditure 
in the target year; 
- minimum consumption plus government expenditure 
required per unit of immigration. 
4.2 . Algebraic Statement of Model 
Objective function: 
Maximise Z = C (4.1) 
Restrictions : 
57 
(1) Reconciliation of current production, 
N N R 
~ o l. 1: (a .. 
-::'. 1J 
a .. )P. + 1: b .. 1. + 1: e .. E. + c.C + ciC M 1J J J 1J J j 1J J 1 
J 
i=1,2 .... R; 
a is the Kronecker delta 
ij 
(2) Red(mciliation of capital stocks, 
K.'-k.P.-6.6667I. + g.M 1~ 1 1 1 1 
i=1,2 .... N; 
" (3) Reconciliation of ove1!seas exchange transactions, 
N N N 
D ~1: a .p. + 
...... . mJ J 
1: b .1. + c C + c C - 1: E j mJ J m m M j j 
J 
(4) Savings reconciliation, 
N 
o ). 1: d.P. + 
7. J J 
J 
N 
1: I. 
j J 
- sC - s C M 
(5) Labour force reconc:iliation, 
1.P. - .5M 
J J 
(6) Maximum exporting restrictions, 
1 = 1, 2 .... R ; 
(4.2) 
(4.3) 
(4.4) 
(4. 5) 
(4.6) 
(4. 7) 
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(7) Minimum consumption requirements for immigrants, 
0). gc M - CM 
(8) Row which calculates total consumption, 
o = -C - C, + TC M 
(9) Non-negativity requirements, 
p. , I. , E
J
. , M, C, CM • TC >- 0 J J.' 
j=1,2 .... N. 
4.3 Explanation of the Model 
. 
As will have been 0 bserved from the definition of the 
variables there are five groups of variables used in the model: 
(a) Current production activities, 
(b) Net inve stment activities, 
(c) Consumption activities, 
(d) Ex,porting activitieE?, 
(e) An immigration activity. 
(4. 8) 
(4. 9) 
(4.10) 
The coefficients for the current production activities are 
derived from input-output data and are adjusted so that they include 
expen?iture on the replacement of worn or obsolete capital 
equip~enL 1 Hence the investment activities refer to net rather 
than gross investment and the whole of the investment purchases 
can be considered to be added to the capital stock. The consumption 
1 A full description of the calculation of the various coefficients 
and data sources is. givenin;,A.,ppe:n.dix 1. 
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and exporting activities are analogous to those used by Blyth and 
Crothall [ 2] and others. An irrm1.igration activity is included as 
a means of augmenting the labour supply; the activity has capital 
coefficients to account for the housing and public facility (hospitals, 
schools etc., ) requireIT1.ents of the additional population. There is 
no need to have coefficients for other capital requirements caused 
by imIT1.igratns as calculated by the Monetary & EconoIT1.ic Council [23] , 
as the interdependent properties of this model ensure that these are 
accounted for. 
The objective function of the model is to maxiIT1.ise the 
value of cons uIT1.ption plus government expenditure by the indigenous 
population, At first sight t~is appears to be a rather pitiless 
approach and that IT1.aximisation of total consuIT1.ption (TC) would 
be a more humanitarian goal. However, it is generally recognised 
that the level of consuIT1.ption of an economy is not a particularly 
good barometer of economic welfare, but the level of consumption 
per head is reasonably satisfactory, Due to problems of non-
linearity, it is not possible to optimise consuIT1.ption per head in a 
linear programme which has a variable labour force (and population), 
A ploy adopted in this IT1.odel is intended to go SOIT1.e way towards 
resolving this probleIT1.: the model forces a IT1.iniIT1.uIT1. aIT1.ount of 
consuIT1.ption to be "set aside" for the iIT1.IT1.igrant population and 
IT1.aximis e s the level of cons uIT1.ption for the original population. 
No claim is made that the IT1.odel does anything to distribute incoIT1.e 
aIT1.ong the population, and it is very likely that in a real situation, 
immigrant workers would receive a share of the maximand. 
There are nine groups of equations which restrict the 
IT1.odel: 
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(1) The production reconciliation rows ensure that sufficient 
is produced in the target year to match the total amount of each 
commodity used. The rationale of these constraints has already 
. 1 been explaIned, There is one equation of this type for each 
commodity; thus in the formalised model described in this chapter 
there are R such equations. 
(2) The capital stock reconciliation rows ensure that the level 
of output in each sector does not exceed its base year capacity 
unless the capital stock has been augmented by investment during 
the planning period, When investment does occur in a particular 
sector, the appropriate investment activity makes certain that the 
current output for each unit of investment is accounted for in the 
production reconciliation rows, Since this is an annual model 
investment is measured as an annual flow for the final year of the 
planning horizon; but the capital stocks available for production in 
that year will include cap-ital formed due to investment flows in all 
the year s of the period, Consequently, for programming purposes 
each unit of investment is regarded as contributing 6.6667 units 
rather than 1,0000 units to the stock of capitalfor that sector. 2 
As each activity in the model is treated as though it had its own 
specialised capital stock, there is an equation of this type for each 
activity; thus there are N of these equations. 
1 Chapter III, Section 3,2. 
2 The value of 6.6667 is not a generalised value but is the particular 
value cho;sen for the eight year planning horizon of this study. The 
problem of reconciling stocks and flows in an annual model which 
spans an horizon larger than one year has been recognised by 
Manne [21 ] and is discus sed in Chapter III, Section 3.4. And 
explanation of the value 6.6667 is given in Appendix 1. 
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(3) Reconciliation of current overseas exchange transactions 
prevents growth in the economy while m.assive deficits occur in 
the current overseas account, a situation which cannot be allowed 
to continue indefinitely and certainly should be guarded against in 
a quantitative planning exercise. However, for the sake of 
development a certain m.aximumdeficit on current account will 
normally be tolerated, There is one equation of this type in 
the model; im.port requirements of the production, inve stm.ent, 
and consumption activities tend to exhaust or "use up" the supply 
of foreign exchange while the exporting activities augment it. 
(4) There is one equation in the model labelled the savings 
reconciliation row; its role is to prevent the ratio of consumption 
to investment from becoming unrealistic, Investment is often 
thought of as a sacrifice of consumption "now" in order that 
.1 
consutnption'm.ight occur at some future time. This is the basic 
I 
m.otive behing all saving and it is a well known identity of static 
economics that savings equal total gross investment. It is assumed 
here that, in aggregate, consum.ers tend to save a constant 
proportion of their income so that the ratio between savings 
available for investment and consum.ption is a constant. Each 
dollar of net investment requires a dollar of savings as well as 
a set of current inputs (equal to one dollar in value) from the 
producing sectors; each dollar of depreciation expenditure also 
requires a dollar of savings. In the program.ming model savings 
are "allowed to be available" in prop-Ortionto the level of consumption; 
they are "used up" by the production activities in amounts required 
for dep'reciation, and by investment activities to account for net 
investment expenditure. 
formation in the model. 
This row restricts the total capital 
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(5) There is one labour constraint which reconciles the total 
demand for labour with estimated labour supply. The labour require-
ments of producing activities are expressed as labour-output ratios 
(inverses of labour productivity coefficients). The model has the 
capacity to generate more labour by means of the immigration 
activity. 
(6) Each of the eXP9rting activities has an upper limit in 
recognition of the fact that OpP()Ttunities to sell exports are not 
unlimited. The upper limits set should be based on projected 
trends and on knowledge gained from separate studies into the 
markets for the individual products. 
(7) The reason for the minimum consumption requirement 
for immigrants has been explained above. The value of the 
parameter g can be regarded as a policy parameter since setting 
c 
it at a lower value is likely to allow a greater level of immigratiop. 
(8) A row is included to calculate the total level of consumption 
the sum of consumption by the indigenous and immigrant populations. 
This is done by having a total consumption activity (TC) which 
"demands" one unit from the row; and each unit of consumption 
II s upplie s II one unit to the row. By making the rowan equality 
it has the effect of adding the two consumption activities. The 
overall solution is not affected as the total consumption. activity 
has no other coefficients and can be included in the basis without 
using any resources. 
(9) Non negativity requirements for the activities of the model 
are necessary in order that the solution makes economic sense. 
The linear programming optimising routine fore -ordains that 
these constraints are satisfied. 
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4.4 Relationships to Blyth-Crothall Model 
The Blyth-Crothall m.odel described in Chapter III was 
one of the i1:npelling forces behind this study and the m.odel just 
described has many attributes in COlnmon with ito The production 
reconciliation rows, the labour constraint,the foreign exchange 
constraint, and the constraints on the levels of the exporting 
activities are all analogous to,the corresponding rows of the 
Blyth-Crothall modeL The coefficients for the production activities, 
the consumption activities and the exporting activities, have been 
derived for the present study in the same manner as the corresponding 
coefficients were in the earlier study. 
Differences occur in, that the present model has no land 
constraint and that savings are endogenously generated in proportion 
to consumption rather than a fi.~ed amount being available in the form 
of "waiting". The land constraint has been omitted because, for 
the present, there is merely one farming activity and land was not 
considered to be one of the important factors limiting the level of 
activity in farming as a whole. Blyth and Crothall included the 
constraint as a means of attributing higher marginal costs to more 
intensive farming. When the present model com.es to the point that 
it is being used to analyse a disaggregated farming sector and to 
feature increasing marginal costs for farming, the neces sity of a 
,land constraint should be investigated. The inclusion; of endo..., 
ge:q.ously generated savings is thought to be an improvement, although 
there is some difficulty as to the ratio of saving to consumption that 
should be used, and the "waiting" concept has a dynamic element 
which is not present when a simple savings constraint replaces it. 
A noticeable difference between the models is the manner of treating 
investment. Blyth and Crothall do not provide distinct investment 
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activities but incorporate investment expenditure into production 
which exceeds the existing levels of capital stocks. The 
reasoning supporting the investment activities of the present 
model is similar but the new capital formation is subjected to 
the same input-output coefficients for current production as 
the original capital stocks. The current component of the 
coeffit\!:ients for production from new capital activities of the 
Blyth-Crothall model reflect new technologies and are therefore 
different from the coefficients for production from existing capital. 
The example of inclusion of competitive importing activities has 
not been followed due to data difficulties. 1 . The immigration 
.' 
activity is a feature not included in the Blyth-Crothall model, 
although the authors suggest at the end of their article how the 
shadow prices of labour could be restricted by adding another 
constraint to the dual problem. This would be equivaJent to 
adding an immigration activity and a leisure (slack labour) activity 
to th.e primal. Immigration would have a cost which would be 
accounted for as a negative component of the objective function 
rather than as a specific requirement of capital and consumptiofi". 
There is considerably more choice of activities in the 
Blyth-Crothall model in the form of activities displaying alternative 
technologies, competitive importing activities,·· and activities 
allowing for diminishing marginal returns in farming and in exports 
of proces sed primary products. However, the coefficients for these 
activities were largely of an arbitrary nature and were included 
mainly for purposes of exposition. These refinements can easily 
be included in the model described in this chapter, but it·was thought 
unnecessary to do so unless realistic data could be obtained. 
I Se.e Chapter II. 
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4,5 . Present Numerical Form of the Model 
The initial tableau for the linear programming model as 
it has been used in this study to explore the possibilities for 
economic development in New Zealand, is laid out in Table 4. I . 
A fe~ modifications have been made to the generalised structure, 
It was recognised in the Lincoln projection model that 
capital-output ratios were not a satisfactory wa y of handling all 
1 
forms of investment, The idea of "autonomous investment" was, 
therefore, also used in this model for some investment by government 
and investment to houses, This has resulted in the addition of 
two investment activities P 31 and P 33 for which there are minimum 
levels for the target year, These activities are not activated via 
capital-output ratios in the same way as the other investment 
activities, e. g, 
228 -< 1, 0000 P 31 (4,11) 
This constraint states that the investment activity P 31 must be at 
least at the level of $228 million in the target year, The coefficient 
for P 31 is 1, 0000 rather than 6.6667 as the constraint is concerned 
only with the final year I s investment flow; the size of the relevant 
capital stock is not of direct concern to the planning model; the 
level of investment is decided upon independently, or pos sibly 
"autonomously", and it is irrelevant to this model whether it bears 
any relation to the capital stock or not, An additional production 
activity is also added, This is due to the fact that some of the 
-. 
capital used by the "Ownership of Property" sector is not housing 
" but premises rented to productive sectors, and that the r-equirement 
1 Chapter- I, Sec. 1, 4. 
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of this type of capital should be decided within the model by a~capital­
output ratio. Thus there is an activity, P 17 , which does not have a 
capital-output ratio. The only activities which have a requirement of 
the output of this sector are the consumption activities· as this is 
defined to be the only way that housing (payment of rent to the 
"Ownership of Property" sector) is cons umed. 
The model is given a choice of consumption activities. 
These have differing amounts of import substitution of manufactured 
final goods. This is intended to be afirst step towards incorporating 
import substitution op'portunities in the interindustry flows in the 
manner suggested in Chapter II. 1 Substitution of imported final 
goods is a more likely possibility, from a technical viewpoint, than 
the substitution of imported components. That is, industries are 
likely to arise which assemble imported components as a substitute 
to importing the completed object. 
The time horizon chosen for the model was eight years. 
2 The logic for this period was similar to that used by Manne. Eight 
rather than ten years was used for consistency with the projections 
made by Ross and Philpott [30], and for comparison with the 
Targets set fol' 1972 -73 by the National Development Conference o 
Details of the sources and calculation of coefficients in 
Table 4.1 are given in Appendix!. 
1 Table 2.8. 
2 Chapter I, Sec. 1.4. 
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The activities shown in Table 4.1 may be categorised as 
follows: 
PI to'P17 are current production activities. They correspond to 
sectors listed in Appendix I. Sector 16 is represented by two 
a activities, P 16 and P 17 . This is to account for the fact that 
some of the capital formation for this sector is exogenous to 
the model. 
,P
18 
to'P
33 
are net investment activities. These also correspond 
to the sectors listed in Appendix I, except that Sector 14, 
.: 
IIServices to Households II does not require a capital stock. 
Sector 16 has two investment activities, P 32 and P 33 for 
t he same reason it has two current production activities. 
P 34 to P 36 are the consumption activities. 
P 37 to P 43 are the exporting activities available. These 
correspond to the first seven sectors listed in Appendix I. 
P 44 is the immigration activity. 
P 45 is the immigrants consumption activity. 
P 46is the total consumptio.nactivity. 
The roles of the rows of Table 4.1 are as follows: 
Rl to R17 are restrictions on current production. 
R 18 to R33 are capital stock reconciliation rows. 
R34 is the foreign exchange reconciliation row. 
R35 is the savings reconciliation row. 
R36 is the iabour force reconciliation row. 
6-8 
R37 to R43 are the maxinlUm re strictions on the exporting 
activities. 
R44 is the specification of minimum consumption requirements 
for immigrants. 
R45 is the row which calculates total consumption. 
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TABLE 4. I LINEAR PROGRAMMING TABLEAU 
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CHAPTER V 
"\ 
THE LINEAR PROGRAMMING SOLUTION 
S. I The Optimurn Solution 
The linear prograrnrning rnodel described in Chapter IV 
and depicted in Table 4. I, was solved on an IBM 1130 Cornputing 
I Systern. The particular numerical values chosen were thought 
to correspond most closely to the set of assumptions used in the 
projection work reported by Ros sand Philpott ( 30 J, and hence to 
those thought appropriate by the Targets Comrnittee to the National 
Developrnent Conference bsJ .2 This applies especially to the 
exporting limits used, rnany of the other assumptions of the 
projection study such as irnmigration and the rate of growth of 
consumption being endogenous in this study. The optimurn solution 
should be useful,therefore, as a check on the structure projected 
by the Lincoln model for indicative planning. Conversely, the 
projected structure should be a check on the accuracy and usefulness 
of the linear programming model,for any wild fluctuations from the 
projected structure would be unlikely to represent a true optirnum. 
I Some notes on computing problerns encountered are 
. given in Appendix II. 
2 A surnrnary of the rnain as sumptions of the rnodel is 
given in Appendix III. 
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situation (in the sense that : optimum" is being used in this study. ) 
Certainly, it is improbable that policies to achieve very radical 
structural changes could be successfully implemented by a central 
planning committee. 
The values Qf the activities which maximise consumption 
in1972-73 are given in Tables 5.IA to 5. I'd;· the shadow prices of 
the restrictions (the dual solution) are given in Tables 5.1 D to 5.1 F. 
The interindustry transactions matrix for the o'ptimum structure 
(assuming that the same set of input-output coefficients are pertinent 
for 1972 -73 as for 1964-65) is given in Table 5.2. To study the 
effects of some of the more arbitrary assumptions underlying the 
optimising model, some sQlutions with alternative assumptions were 
computed. Firstly, it must be admitted that the figure of $225 
million for autonomous expenditure on housing (the minimum .level 
set for activity P 33) was largely a guess, although it was chosen 
. so that the total investment by "Ownership of Property'! would be 
approximately the same as that calculated by the Lincoln model; 
a solution was there,fore calculated w:ith this figure at $350 million 
so that some idea of the seriousness of errors of this type to the 
overall solution might he 'ascertained.'Becondly, the coefficients 
relating the ta:t:get year investment flows to the target year capital 
. 
stocks have been set at ":6.6667 as a linear approximation to a 
4 .. 0 to 5.0 per cent annual increase in the levels of investment 
throughout the planning horizon;l solutions we.re obtained with these 
voefficients set at - 8.0000 (representing constant levels oJ invest-
ment during the period and indicative of situations when the rate of 
growth of investment is low) and at -5; 5555 (representing about 9.0 
. per cent annual increases in investment and indicative of situations 
1 See Appenqix I. 
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TABLE 5.1A 
Optimum Solution (Production Activities) 
ACtivity Level($mn) 
PI Farming 1291.964 
P 2 Forestry 59.352 
P 3 'Forestry Processing 349.875 
P 4 Hunting & Fishing 9 . 475 
P 5 Mining 61.098 
. P Pri. Prod. Proc. 750. 052 6 
P
7 
Other Manuiacturing 2338.504 
---" 
P 8 Building & Construction 876.252 
P Public Utilities 249.542 
9 
PIa Transport & Communication 683.836 
P 11 Distribution 1195. 745 
P 12 Banking & Insurance 217.477 
P 13 Services 620.737 
P 14 Services to Households 32. 873 
P 15 Services to Government 357.506 
. P 16 Ownership of Property (Interindustry) 92. 924 
P 17 Ownership of Property (final demand) 389. 072 
Shadow 
Price 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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TABL.E 5.1B 
OEtimum Solution {Net Investment Activities) 
Shadow 
Activity Level{$tnn. ) Price 
P 18 Farming 57.292 0.000 
P
19 Forestry 5.206 0.000 
P 20 Forestry Proces sing 3.750 0.000 
P 21 Hunting & Fishing 0.000 1. 081 
P 22 Mining 2.415 0.000 
P 23 Pri. Prod. Proc. 3.828 0.000 
P 24 Other Manufacturing 41.315 0.000 
P 25 Building & Construction 36.377 0.000 
P 26 Public Utilitie s 66.565 0.000 
P 27 Transport & Communication 56.014 0.000 
P 28 . Distribution 36. 026 0.000 
P
29 
Banking & Insurance 12.929 0.000 
.P30 Services 0.000 0.520 
P 31 Government (autonomous) 228.000 0.000 
P 32 Ownership of Property (interindustry) 32.157 0.000 
P 33 Ownership of Property (autonomous) 225.000 0.000 
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TABLE 5.1C 
Optim.um. Solution 
(Consum.ption, Im.m.igration, Exporting Activities) 
. Activity Level 
P
34 
Consum.ption (no im.port substn.) O. 000 
P 35 Consum.ption (50/0 im.port sums,~n.) 4039.614 
P 36 Consum.ption (100/0 im.port substn. ) O. 000 
P37 Farm.ing Exports 383.000 
P 38 
Forestry·Exports 5.000 
P
39 
ForestryProc. Exports 44.000 
P 40 Hunting & Fishing Exports 0.000 
P 41 Mining Exports 1.000 
P 42 Pri. Prod. Proc. Exports 450.653 
P 43 Other Mfg. Exports 212.000 
·P
44 Im.m.igration ('000 people) 18.797 
P 45 Itnm.igrant Consum.ption 18. 797 
P 46 Total Consum.ption 4058.412 
Shadow 
Price 
0.002 
0.000 
0.002 
0.000 
0.000 
0.000 
0.278 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
RI 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
RIO 
Rll 
Rl2 
Rl3 
Rl4 
R l5 
Rl6 
Rl7 
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TABLE 5.ID 
Optimal Solution (Shadow Prices of Restrictions) 
Restriction Shadow Amount in 
Price Disposal 
Farming 1. 026 0.000 
Forestry 1. 032 0.000 
ForestryProc. .993 0.000 
Hunting & Fishing 1.447 0.000 
Mining 1.121 0.000 
Fri. Prod. Proc. 1.133 0.000 
Other Manufacturing 1. 025 0.000 
Building & Construction 1.212 0.000 
Public Utilities 2.184 0.000 
Transport & Communication 1.330 0.000 
Distribution .965 0.000 
Banking &: Insurance 0932 0.000 
Services 1.388 0.000 
Services to Households .799 0.000 
Services to Governm~nt .799 0.000 
Ownership of Property( interindustry) 2.221 0.000 
Ownership of Property (final demand) .484 0.000 
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TABLE 5.1E 
OptiInal Solution (Shadow prices of Restrictions) 
Restr,iction 
R 18 Farming 
R19 Fores~ry 
R 20 Forestry Proc. 
R21 Hunting & Fishing 
R22 Mining 
R
23 
. Frio Prod. Proc. 
R24 Other -Manufacturing 
R 25 Building & Construction 
R 26 Public Utilities 
R27 Transport & Communication 
R 28 Distribution 
R29 Banking & Insurance 
R30 Services 
R31 Government (autonomous) 
R32 Ownership of property 
R33 Ownership of propel'ty(autonomous) 
Shadow Amount in 
Price Disposal 
0.162 
0.166 
0.180 
0.000 
0.169 
0.170 
0.174 
0.163 
0.171 
0.170 
0.166 
0.179 
0.093 
1.186 
9. 181 
1.208 
0.000 
0.000 
0.000 
2.720 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
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TABLE 5, IF 
Optimal Solution.{Shadow Prices of Restrictions) 
Shadow Amount in 
Restriction Price Disposal 
R34 Foreign Exchange 1.141 0,000 
R35 Savings 0.000 399,324 
R36 Labour 2,782 0,000 
R37 Farming Exports 0.097 0.000 
R38 Forestry Exports 0,087 0.000 
'. '. 
R39 Forestry Proc. Exports 0,130 0.000 
R40 Hunting & Fishing Exports 
0,000 10.000 
R41 Mining Exports 0,010 0.000 
R42 Prio Prod, Froe, Exports 0,000 185,347 
R43 Other Mfg, Exports 0,099 0.000 
R44 Immigrants Consumption O. 931 0.000 
R45 Total Consumption 0,000 0,000 
Farming 
Forestry 
Forestry 
Processing 
Hunting & 
Fishing 
Mining 
Pri. Prod. Proe 0-
Other Mfrg. 
Buildings & 
Construction 
Public 
Utilities 
Transport & 
Comm. 
W/sale & 
Retail Trade 
Banking & 
Insurance 
Services 
Services to 
Households 
Services to 
Government 
Ownership of 
Property 
Total 
Intermediate 
Purchases 
Imports 
Dep'n. 
Other 
Total Inputs 
TABLE 5.2 
OPTIMUM INPUT-OUTPUT TRANSACTIONS MATRIX 1972/73 
FarTning Forestry Forestry Hunting Mining Pri. Other Bldg Public Trans. W/sale Bnkg Services Services Services Ownership Total Cons. Exports Cap. Total 
Proc. & Prod. Mfrg. & Utilities & & Retail & to to of Intermed. & Form'n Output 
251. 5 
2.1 
13.0 
.3 
!.o 
3.2 
131.1 
6.3 
9.7 
38.8 
60.3 
6.2 
15.8 
539.4 
47.3 
62.8 
642.5 
1292.0 
.2 
3.1 
.7 
.2 
1.0 
1.0 
.5 
.8 
.6 
8.0 
1.7 
4.8 
44.9 
59.4 
43.2 
77.3 
1.3 
12.4 
1.8 
6.3 
23.5 
18.4 
3.8 
3.7 
1.0 
192.8 
21. 6 
15.2 
120.4 
349.9 
Fishing ___ Proc. ___ Const. ____ Comm.~ Ins. ____ H/holds Govt. Property Sales Govt. 
.1 
.1 
.1 
.9 
.1 
.1 
.4 
.5 
.1 
.2 
2.5 
1.0 
.3 
5.6 
9.5 
.1 
2.5 
2.8 
1.4 
11.0 
1.6 
1.1 
.8 
.1 
21. 4 
4.9 
7.7 
27.1 
61.1 
511.7 55.0 
.2 .2 .4 
11.6 63.6 82.7 
.2 .5 
3. 9 11 . 7 22. 6 
48.2 14.7 
17.5 334.2131.6 
1.3 6.5106.0 
.2 
1.1 
1.4 
5.4 
9.7 
2.2 
5.9 23.2: 2.9 79.4 
21.8 120.2 39.6 6.1 
18.8 138.2 68.3 6.9 
1.9 13.6 6.3 1.3 
2.1 35.8 8.2 .9 
.5 13.1 2.0 .4 
645.2 830.4470.7 115.1 
.8 
.2 
1.1 
.2 
3.2 25.9 
.2 
3.1 
1.1 2.9 
1.9 
94.4 52.6 10.2 
9.6 13.9 11.6 
4.9 14.2 5.5 
79.4 52.5 12.6 
17.6 19.5 3.5 
3.2 49.6 6.4 
10.0 82.3 16.9 
3. I 38.7 5.4 
230.9 253.5 74.1 
13.7 453.4 40.3 6.4 36.5 24.5 5.0 
10.5 62.9 19.1 21.6 40.8 43.9 14.3 
80.7 991.8346.1 106.5 375.7 773.9 124.1 
750.12338.5876.2. 249.5 683.8 1195.7 217.5 
18.3 
4.5 
1.4 
18.6 
53.2 
7.7 
7.3 
20.4 
16.5 
8.9 
45.9 
23.9 
226.6 
33.1 
18.4 
342.6 32.9 
620.7 32.9 
357.5 
357.5 
4.8 
IS.8 
29.3 
8.9 
3.5 
5.7 
13.9 
6.5 
8.4 
99.6 
2.3 
51. 7 
328.2 
482.0 
838.7 95.4 
47.6 6.5 
290.2 10.1 
2.6 6.9 
49.0 11.0 
88.7 243.5 
351. 4 
4.5 
40.8 
.9 
417.8 
6.5 
.7 
8.2 
.1 
872.4 1042.5 195.0 228.5 
199.9 65.7 .2 610.6 
169.7 79.1 .7 
430.8 172.5 48.5 32. I 
376.9 718.7 21. 8 78.3 
·116.8 95.0 5.0 .7 
229.8 350.2 6.6 34.7 
32.9 
357.5 
97.3 382.3 2.4 
3810.23669.H I09S.71()()U.5 
691.7288.2 
718.6 
4700.3 100.3 
175.7 
1292.0 
59.4 
349.9 
9.5 
61.1 
750.1 
2338.5 
876.2 
249.5 
683.8 
1195.7 
217.5 
620.7 
32.9 
357.5 
482.0 
9576.2 
1155.6 
374.0 
4800.6 
9920.9 4058.4 1095.7 1176.2 15906.5 
All figures have been rounded to one decimal place. 
-.J 
-.0 
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TABLE 5.3A 
Effect of Changes in Assumetions of Model 
(Activity Levels) 
Solution No. 1 2 3 4 
CapUal- Capital-
Control Min, P 33 Inv. coef£. Inv. coeff. 
$350 m. -5.5555 -8.000 
PI Farming 1292 1279 1285 1504 
P 2 Forestry 59 
61 59 67 
P Forestry Proc. 350 363 350 402 
3 
, ' 
P 4 Hunting & Fi shing 9 9 9 11 
P 5 Mining 61 64 61 71 
P 6 P.P.P. 750 
741 745 967 
P 7 Other Mfg. 2338 2325 2324 2653 
P 8 Bldg. & Construction 876 999 888 1059 
P 9 Public Utilitie s 250 245 246 282 
·Pllransp. & Communication 684 684 680 787 
PI pistribution 1196 1183 1183 1361 
PI ;Panking & Insurance 217 214 214 245 
P 13Services 621 610 611 699 
P 14Services to H/hold 33 32 32 36 
P 15Services to Government 358 344 351 368 
P 16 Ownership(interindustry) 93 92 92 106 
P 1 70wnership (final demand) 389 375 380 430 
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TABLE 5.3B 
Effect of Change s in As sumptions of Model 
(Activity Levels) 
Solution No. 
. PI 8 Farm Inve stment 
P 19 Forest. Investment 
P 20 For. Proc. Inv. 
P 21 H. & F. Inv. 
P 22 Mining Inv. 
P 23 P.P.P. Inv. 
. P24 Other Mfg. Inv. 
P 25 Bldg & Const. Inv. 
P 26 Public Ut. Inv. 
P 27 Transp. & Comm. Inv. 
P 28 . Distribution Inv. 
P
29 Banking & Ins. Inv"....; 
P 30 Services Inv. 
P 31 Govt. Inv. (autonomous) 
P 32 Ownership Inv. 
1 2 3 
Capital-
Control Min. P33 Inv. coeff. 
~ __ $350 m. -5.5555 
57- 54 67 
5 6 6 
4 4 5 
2 3 3 
4 3 4 
41 41 49 
36 64 47 
67 62 76 
56 56 65 
36 35 42 
13 12 15 
228 228 228 
32 32 30 
P 33 Ownership, Inv. (autonomous) 225 350 225 
4 
Capital-
Inv. coeff. 
,8.000 
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6 
5 
3 
15 
48 
65 
80 
78 
45 
16 
39 
228 
123 
225 
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TABLE 5.3C 
Effect of Changes in Assmnptions of Model 
(Activity Levels) 
Solution No. 
P 34 Cons. (nil) 
P 35 Cons. (5%) 
p 36 Cons. (10%) 
P37 Farm. Exports 
P 38 
Forest. Exports 
P
39 
For. Proc. Exports 
P 40 H. & F. Exports 
P 41 Mining Exports 
P 42 P. P. P. Exports 
P 43 Other Mf g. Exports 
P 44 Immigrants' 
(1000 ) 
P 45 Immigrants Cons. 
P 46 Total Cons umption 
Total labour force 
Total population 
Cons /head ($) 
1 2 3 
Capital-
Control Min. P 33 Inv. coeff. 
$350 m. -5.5555 
4040 3889 3961 
383 383 383 
5 5 5 
44 44 44 
1 1 1 
451 452 452 
212 212 212 
19 21 
19 21 
4058 3910 3961 
1140 1142 1131 
2988 2990 2969 
1358 1308 1334 
4 
Capital-
Inv. coeff. 
-8.0000 
4155 
383 
5 
44 
1 
636 
212 
335 
335 
4490 
1299 
3304 
1359 
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TABLE 5.3D 
Effect of Changes in As sum.Etions of Model 
(Shadow Prices) 
Solution No. 1 2 3 4 
Capital- Capital-
Control Min. P 33 Inv. coef£. Inv. coeff. $350m.. -5.5555 -8.0000 
Rl Farm.ing 1.026 1.026 1.065 .986 
R2 Forestry 1.032 1.032 1.067 .980 
R3 Fore stry Proc. .993 .993 1.005 .... 977 
R4 Hunting & Fishing 1.447 1.447 1.347 1.453 
R5 Mining 1.121 1.121 1.155 1.095 
R6 P. P. P. 1.133 1.133 1.172 1.093 
R7 Other Mfg. 1.025 1.025 1.021 1.048 
R8 Bldg. & Constr. 1. 212 1. 212 . 1.246 1.179 
R9 Public Utili tie s 2.184 2.184 2.513 1.980 
RIO Transp. & Com.m.. 1.330 1.330 1.393 1.284 
Rll Distribution .965 ; 965 .966 .925 
R12 Bank. & Ins. .932 .932 .998 .871 
R13 Services 1.388 1. 388 1.299 1.384 
R14 Services to H/holds .799 .799 .711 .788 
R 15 Services to Govt. .799 .799 .711 .788 
R 16 Ownership(interind. ) 2.221 2.221 2.618 1.891 
R17 Ownership(final dem.. ) .484 .484 .482 .474 
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TABLE 5.3E 
Effect of Changes. in. Assum.ptions of Model 
(Shadow Pric e s) 
Solution No. 
R 18 Farm.. Cap. 
R19 Forest. Cap. 
R 20 For. Proc. Cap. 
R21 H. & F. Cap. 
R22 Mining Cap. 
R 23 P. P. P. Cap. 
R24 Other Mfg. Cap. 
R 25 Bldg & Constr. Cap. 
R 26 Pub!. UtiL Cap. 
R27 Tranp. & COTnTn. Cap. 
R28 Distribution Cap. 
R29 Bank. & Ins. Cap. 
R30 Services Cap. 
R31 Govt. Inv. (autonoTnous) 
R32 O~ership Cap. 
R33 OwnershipInv. (auton.) 
1 2 
Control Min. P 33 
$350 Tn. 
.162 .162 
.166 .166 
.180 .180 
.169 .169 
.170 .170 
.174 .174 
.16-3 .163 
.171 .171 
.170 .170 
.166 .166 
.179 .179 
.093 .093 
1.186 1.186 
.181 .181 
1. 208 1.208 
3 
Capital-
Inv. coeff. 
-5.5555 
.197 
.202 
.219 
.207 
.209 
.212 
.199 
.209 
.208 
.201 
.220 
1. 218 
.223 
1. 237 
4 
Capital-
Inv. coeff. 
-8.0000 
.138 
.141 
.154 
.143 
;148 
.151 
.143 
.147 
.149 
.139 
.147 
.146 
1.166 
.148 
1.182 
Solution No. 
85 
TABLE 5.3F 
Effect of Changes in. As sumptions of Model 
.(Shadow Prices) 
1 2 3 
Capital-
4 
Capital-
Control Min. P 33 Inv. coeff. Inv. coeff . 
. $350 m. -5.5555 -8.0000 
R34 . Foreign Exchange 1.141 1.141 1.181 1.351 
R35 Savings 
. R36 Labour 2.782 2.782 2.475 2.746 
R37 Max. Farm. Exp. .097 .097 .. 096 .348 
R38 Max. For. Exp. .087 ,087 .090 .348 
R39 Max. For. Proc. Exp. .130 .130 .155 .357 
R40 Max. H. & F. Exp. 
R41 Max. Mining Exports .010 .010 .014 .248 
R42 Max. P;'P. P. Exports .251 
R43 Max. Other Mfg. Exp. .099 .099 .138 .291 
R44 Min. Imm. Cons. .931 .931 .778 .953 
R45 Total Cons. .000 .000 .000 .000 
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when it is difficult to achieve high levels of investment early in the 
planning period). The activity values of these extra solutions are 
compared with the original solution in Tables 5 .. 3A to 5. 3C and the 
shadow prices of the restrictions are compared in Tables 5. 3D to 
5.3F. 
Before any comparisons or policy suggestions are made, 
the propertie s of the optimum solution warrant some attention. 
5.1.1 Optimal Basis 
The variables which comprise the optimal basis indicate 
that the model has behaved much as intended. Very few of the 
real activities have been excluded from the basis, and those which 
have (P 21' P 30' P 34' P 36' P 40) are either not considered to be 
crucial variables at this level of aggregation, or expected to be 
omitted due. to the choices available. 
5.1.2 Shadow Prices of Production Reconciliation Rows 
The shadow prices of the production reconciliation rows 
are generally in the vicinity of unity, although they are perhaps not 
1 
as close as one would have hoped. In particular, the shadow prices 
of 11I1ublic Utilities II and "0wnership of Property (Interindustry)" 
are greater than 2.0. This could mean that these sectors are 
"bottlenecks II to economic development and that technological 
innovation would be of most benefit - at least marginally - if 
achieved in these areas. Nevertheless, the possibility that these 
values are the spurious consequences of anomolies in the parameters 
used should not be ruled out. This applies particularly to 
"0wnership of Property", which has been handled iJ;l a somewhat 
1 See Chapter III, Sec. 3.5, 
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piecemeal fashion. The shadow prices for "Hunting and Fishingfl, 
11Building and Construction fl , "Transport and Cornrnunication", and 
IIServices" are also slightly on the high side, but are not as disturbing. 
It is worth noting from Table 5. 3D that Solution 4 (constant annual 
inve stment) has lower shadow prices for most of the restrictions on 
current production, although the values for "public Utilities" and 
"Ownership of Property (Interindustry)" are still rather high. 
Constraints R 14, R 15 and Rl 7 have been added to the model 
to force particular values into the solution,. and the shadow prices 
of these constraints do not have any obvious economic interpretations. 
5.1. 3 Foreign Exchange, Labour,. Savings 
Foreign exchange and labour are both. limiting resources 
but savings, as represented here, are not a 1lbottleneck" to the 
development of the New Zealand economy. The ratio of savings to 
consumption chosen was. 39 which typifies a fairly high level of 
savings (28 per cent of gross national product). But assuming 
everything else is unaltered, this ratio can fall by 
399.324 -;- 4039,614= .10 to .29 (23 per cent of gross national 
product) before the calculated surplus is exhausted; it seems 
reasonable to conclude that savings should not be an impediment 
to economic growth in New Zealand. 
In spite of the fairly high shadow price for labour, which 
supports the oft-voiced notion that New Zealand has a labour 
shortage, the optimum programQ.rescribes very Httle immigration. 
This upholds the warning issued by the Monetary and·Economic 
Council [23] that large scale immigration is not necessarily a 
solution to the labour shortage problem - especially if due attention 
is given to the additional strain on housing facilities and various 
social assets such as hospitals and schools. 
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Although foreign exchange is lim.iting its shadow price is 
m.uch lower than labour IS. This suggests that labour saving 
technologies should be forem.ostin the m.inds of economic strategists. 
5.1.4 Shadow Prices of Capital Stock Reconciliation Rows 
The shadow prices for the investm.ent restrictions are 
approxim.ately 16 to 18 per cent. These values· might be inter-
preted as marginal productivities of capital, but the evidence of 
Table 5, 3E (Solutions 3 and 4) shows that little confidence can be 
attached to these figures: when the annual rate of increase in invest-
m.ent levels is high the m.arg,inal productivity of capital is from. 20 
to 22 per cent; and when the rate is low the marginal productivity 
m.ay be as low as 14 per cent. As there are few grounds for 
choosing one or another rate of growth of investm.ent the true values 
of these shadow prices must rem.ain open to doubt. 
5.1.5 Im.port Substitution 
The consum.ption activity chosen is that which has five 
per cent substitution of dom.esti~ally m.anufactured final goods for 
imports. Foreign exchange is sufficiently scarce to warrant som.e 
im.port substitution, but it could not be called a high priority planning 
consideration. The shadow prices of the excluded consumption 
activities are extremely sm.all (Table 5.1 C). which m.eans that the 
level of consum.ption (and consum.ption per-head) would be only 
slightly sm.aller if one of these activities. replaced the chosen 
consum.ption activity. 
5.2 Com.parison with N. D. C. Projections 
The principal features of the proposed optim.um. econom.ic 
structure for 1972 -73 are -set out in Table 5.4 for com.parisonwith 
the structure projected by Ross and Philpott (Table 5.5). It is 
emphasised that this com.parison should be very general. 
TABLE 5.4 
Economic Structure of N. Z. Economy 1972 -73 : Linear,: Programming Model 
Capital Total Imports Investment Gross Labour C+G Exports ... Output Net Formln 
1 Farming 95 351 7 1292 47 57 120 113 
2 Forestry 6 4 1 59 2 5 10 9 
3 ForestryProc. 10 41 8' 349 22 4 19 26 
4 Hunting & Fishing 7 9 1 3 
5 Mining 10 1 61 5 2 10 6 
6PPP 133 418 750 14 4 14 32 
7 Other Mfg. 1043 1951 2.2.8 2338 453 41 104 262 
8 Bldg & Constr. 66 611 876 40 36 55 94 
9 Public Utilities 79 1 250 6 67 88 14 
10 Trans p. & Comm. 172 481 32 684 37 56 97 97 00 
11 Distn. 719 22 78 1196 25 36 80 166 --0 
12 Banking & Ins. 95 5 1 217 5 13 27 9 
13 Services 350 7 35 621 33 18 178 
14 Servo to H/H 33 33 9 
15 Serv. to Govt. 358 358 228 228 103 
16 Ownership 382 2 389 2 257 307 19 
Imports Cons. 288 288 
Cap. 178 178 
Other 100 
4058 1095 1177 1155 806 1177 1140 
1 
See note in Appendix III for an explanation of why these values differ 
markedly from the corresponding values in Table 5.5. 
TABLE 5.5 
EconoITlic Structure of N.,Z. EconoITlY 1972-73 : Lincoln Projection Model 
C+G ECapital Total Itnports Investtnent InvestITlent Labour xports . (net) (gross) ForITl In Output 
1 FarITling 74 351 41 1469 51 89 160 128 
2 Forestry 6 4 1 60 2 4 9 9 
3 Forestry Proc. 10 41 10 355 21 3 18 26 
4 Hunting & Fishing 6 9 17 2 2 3 6 
5 Mining 11 62 5 1 9 6 
6PPP 189 590 29 904 16 14 27 38 
7 Other Mfg. 898 80 254 2184 404 26 85 245 
8 Bldg & Constr. 67 670 936 41 68 88 100 
9 Public Utilitie s 66 2 228 6 78 98 13 
'" 1 0 Transp. & COITlITl. 156 124 33 748 38 92 137 106 0 
11 Distn. 566 53 119 1120 22 27 68 156 
12 Banking & Ins. 79 13 1 203 4 8 21 27 
13 Services 293 16 32 560 28 2 19 ) 
14 Servo to H/H 27 27 
- ) 259 
15 Serv. to Govt. 315 315 228 228 ) 
16 Ownership 355 6 451 2 217 265 inc!. in 
IITlports Cons. 218 218 banking 
Cap. 176 176 
Other 77 2 
3414 1291 1364 1033 859 1234 1117 
Source: Ros s & Philpott[ 30]. Table V. 
91 
Differences in the rationale and in sotne of the basic assutnptions 
of the two studies tnean that rigorous cotnparisons should no t be 
tnade. . A brief exposition of sotne of the differences is given in 
Appendix III. 
5.2.1 Consutnption 
A tnuch higher level of consutnption is obtained in the 
linear progratntning solution than was assutned by Ross and Philpott. 
The difference is quite tnarked when considered as consutnption per 
head: $1358 per head for the optimisation tnodel compared with 
. $1139 per head for the projection tnodel. This suggests that a 
higher rate of growth can be achieved; although allowance should 
be made for itnperfect knowledge throughout the econotny, 
itntnobility within the labour force, the existence of specialised 
or non- substitutable capital, and the probable inapplicability of 
the assutned consumption pattern over a wide range of consutnption 
levels; it is likely that the so-called optitnum considerably over-
states what is actually likely to be achieved. 
5. 2. 2 . Output Levels 
The levels of output advocated for the productive 
sectors are sitnilar for both studies except that there is a noticeable 
switch frotn "Fartning" and "Primary Produce Processing" to 
"Other Manufacturing" in the linear progratntning solution. The 
itnplication is that tnanufacturing industries should pI a y an 
increasingly itnportant role in New Zealand's econotnic development. 
5.2.3 Investtnent 
Investment levels in the progratntning solution also 
reflect the need for substitution of "0ther Manufacturing" for 
pritnary industries. In addition very low levels of investtnent 
(particularly net investtnent) are recomtnended for "Building and 
Construction", II Public Utilitie s ", II Transport and Comtnunication" 
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and "Distribution". The programmed investment for these sectors 
in Solution 4 (Table 5. 3B) is much closer to the projected investment, 
so that little importance should be afforded· to the absolute levels 
suggested by the optimum solution. There is noticeably more 
agreement between the two studies concerning gros s investment 
than net investment - a fact which generates doubts about the treat-
ment of capital replacement, capital stocks and investment generally. 
5.2. 4 Exports, Imports, Labour 
The patterns of exporting and importing differ little 
between the two studies, but not much scope for differences to 
reveal themselves has been allowed. The import coefficients· and 
the maximum exporting limits used in the programITling model are 
taken directly from the data and results of the Lincoln projection 
model. In spite of this the programmed solution exhibits a marked 
swing away from .exports of proces sed primary products. 
Labour use follows a similar pattern in each study, 
but the transfer of emphasis from primary industries to secondary 
manufacturing is again apparenL 
5.2. 5 Capital Formation 
The capital formation attributed to each sector are 
little different. The rather large differences apparent for the 
"Farmingll, IIPrimary Produce Processing ll and IIDistribution l1 
can be explained by the fact that in Table 5.5 changes in stocks are 
included in capital formation; stock changes have not been 
considered in the optimisation study. 
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5. 3 .. Sum.m.ary 
The linear program.m.ing m.odel has produced a plausible 
econom.ic structure which should be useful for national econom.ic 
planning in New Zealand. Likewise, it seem.sthatthe projection 
techniques used elsewhere should not seriously m.islead planning 
organisations, although there is s om.e evidence that a shift of 
resources out of farm.ing into m.anufacturing industries would be 
to the long term. advantage of New Zealand. However, Tables 5. 3A 
to 5. 3F dem.onstrate the danger of m.aking definitive statem.ents 
with respect to the absolute levels of the variables. The m.ajor 
use of the m.odel should be to illustrate the consequences of 
changes in key param.eters, and highlight param.eters to, which 
the solution is sensitive so that special efforts can be m.ade to 
. m.easure these param.eters. Solutions 2, 3 and 4 of Tables 5.3A 
to 5. 3F constitute an attem.pt at the latter use, and the com.parison 
has shown that theassum.ed annual rate of growth of investm.entis 
of som.e im.portance. The relative levels of the variables for 
different param.eter "settings" will be considered in the next 
chapter. 
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CHAPTER VI 
DISCRETE VARIATIONS OF SOME PARAMETERS 
6. 1 Nature of Variations 
It was inferred in Chapter V and shall be emphasised here. 
that parametric changes and their effects on the optimum solution 
rather than the detailed examination of a solitary solution sh.ould be 
the main concern of planning bodies. Conventional parametric 
programming and sensitivity analysis do not constitute a major part 
of the analysis in this chapter as the solution is obviously "stable" 
in the sense that, due to restricted choice of activities, the optimal 
basis is not likely to alter very much. This would not be the case, 
of course, if more technological alternatives were included. But 
the pos sibility of large fluctuations in the values of the variables in 
the optimum solution still exists, and an exploration of this aspect 
ensues. 
A list of the type s of variations from the original 
specification follows: 
(1) Variations in the terms of trade for primary products ~ 
(2) Variations in the upper limits for exporting activities; 
(3) Variations in the labour and capital requirements of some 
of the important sectors; 
(4) Variations in the basic level of income necessary for 
immigrants; 
(5) Variations in the housing capital requirements of immigrants. 
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6,2 TenTIs of Trade 
In Chapter II it was intimated that fluctuating terms of trade 
for agricultural exports significantly affect the New Zealand economy. 
But the short term vagaries of export prices are difficult to predict 
and this study. in no way accounts for such changes. Nevertheless, if 
reasonable projections of medium and long term trends in export prices 
can be obtained, the resultant changes in the guidelines for indicative 
planning can be investigated. To illustrate, the optimum structures 
were computed for a 20 per cent fall, over the planning period, in 
agricultural export prices and also for a 20 per cent rise in agricultural 
export prices. This is done by first lowering and then raising the 
coefficients for activitie s P 37 and P 42 in Row R 34 . These solutions 
(Solutions 5 and 6) are compared with the original solution in Tables 
6. 1 A to 6. 1 F. 
There are a number of observations to be made from .this 
exercise. 
6.2.1 . 1 Vital Role of Agnculture 
The importance of allocating resources' co "Farming" and 
"Primary Produce Proces sing" inc reases as the terms of trade for 
output from these sectors deteriorates. This is apparent from the 
current production levels (Table 6.1 A) and the investment levels 
(Table 6.1B) programmed for these sectors. Similarly, when the 
prospects for agricultural export prices are bright, high levels of 
output and investment are advocated for farming and related industries. 
The effect on the level of consumption per head of the terms of trade is 
also quite graphic as can be seen in Table 6.1 C. It seems fair to con-
clude that overseas prices for agricultural products are important 
indicators of the potential prosperity of New Zealand, but it is important 
to remember that when these prices are low expansion of primary 
production is still the most effective way of facing the crisis. 
1 This subsection should be interpreted cautiously. The reader I s 
attention is drawn to Section 6.3 which demonstrates that the 
importance of agricultural production is diminished if rapid 
increases in markets for manufactured exports occur, 
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TABLE 6.1A 
Effect of Changing Terms of Trade Primary' Products 
(Activity Levels) 
Solution No, 5 1 6 
TerITls of Trade 0.8 1.0 1.2 
P 1 Farming 1442 1292 1502 
, P
2 Forestry 59 59 63 
P 3 Forestry Proc. 350 350 402 
P 4 Hunting 
& Fishing 11 9 11 
,P 
5 Mining 61 61 7l 
P 6 P.P.P. 913 750 969 
P
7 
Other Mfg. 2285 2338 2473 
P 8 
Bldg & Constr, 860 876 1098 
P 
9 
Public Utilitie s 243 250 280 
P 10 Transp. & COITlm. 
684 684 773 
P 11 Distribution 
1163 1196 1365 
P 12 Banking & Ins. 210 217 244 
P 13 Services 595 621 700 
P 14 Services to H/hold 31 33 37 
P 15 Services to Govt. 337 358 374 
P 16 Ownership{interindustry) 91 93 104 
,P
17 Ownership{final deITl. ) 365 389 434 
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TABLE 6.1B 
Effect of Changing Tenus of Trade· Primary Products 
(Activity Levels) 
Solution No. 
Terms of Trade 
P 18 
P
19 
P 20 
Farm Inv. 
Forest. Inv. 
For. Proc. Inv. 
P 21 H. & F. Inv. 
P 22 Mining Inv. 
P 23 P. P. P. Inv. 
P 24 Other Mfg. Inv. 
P 25 Bldg & Constr. Inv. 
P 26 Public Ut. Inv. 
P27 Transp. & Comm. Inv. 
P 28 Distribution Inv. 
P
29 
Bank. & Ins. Inv. 
P 30 Services Inv. 
P 31 Govt. Inv. (autonomous) 
P 32 Ownership Inv. 
5 
. 8 
87 
5 
4 
2 
14 
39 
33 
60 
56 
32 
11 
228 
23 
P 33 Ownership Inv. (autonomous) 225 
1 
1.0 
57 
5 
4 
2 
4 
41 
36 
67 
56 
36 
13 
228 
32 
225 
6 
1.2 
104 
6 
6 
4 
18 
48 
87 
95 
88 
55 
19 
42 
228 
136 
225 
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TABLE 601C 
Effect of Changing Terms of Trade' Primary Products 
(Activity Levels) 
Solution No 0 
Terms of Trade 
P 34 Consumption (nil) 
P 35 Consumption (5%) 
, p 36 Consumpti.on (10%) 
P 37 Farm. Exports 
P 38 Forest. Exports 
P
39 
For. Proc. Exports 
P 40 H. & F. Exports 
P 41 Mining Exports 
, P 42 P. Po P. Exports 
P 43 Other Mfg Exports 
P 44 Immo ('000) 
, P 45 Imm. Cons 0 
P 46 Total Cons 0 
Total labour force 
i , 
Total population 
Cons/head 
5 
. 8 
3805 
383 
5 
44 
2 
1 
632 
212 
3805 
1131 
2969 
1282 
1 
4040 
383 
5 
44 
1 
451 
212 
19 
19 
4058 
1140 
2988 
1358 
6 
1.2 
4229 
383 
44 
636 
303 
303 
4531 
1283 
3272 
1385 
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TABLE b.lD 
'. Effect of ChangiB,g Terrns of Trade' Primary Products 
(Shadow: Prices) 
Solution No. 5 1 6 
Terms of Trade .8 1.0 1.2 
Rl Farming 1.020 1.026 1.028 
R2 Forestry 1.009 1.032 1.040 
R3 Forestry Procl, .998 .993 .994 : 
" 
R4 Hunting & Fishing 1.446 1.447 1.48p 
llS Mining 1.126 1.121 1.118 
R6 P.P.P. 1.126 1.l13 1.135 
R7 Other Mfg. 1.048 1. 025 1.015 
R8 Bldg & Cons tr. 1.211 1.212 1.211 
R9 Public Utilities 2.271 2.184 2.146 
RIO Transp. & Comm. 1.341 1.330 1.324 
R11 Distribution .921 .965 .982 
R12 Bank. & Ins. .924 .932 .935 
R
r3 Services 1.283 1.388 1. 439 
R14 Servo to H/hold. .705 .799 .836 
R15 Servo to Govt. .705 .799 .836 
R 16 Ownership(interind. ) 2,210 2.221 2.225 
R17 Ownership(final demo ) .472 .484 .488 
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TABLE b.lE 
Effect of Changing Terms of Trade Primary Products 
(Shadow Prices) 
. Solution No. 
Terms of Trade 
R18 Farm. Cap. 
R19 Forest. Cap. 
RZO For. Proc. Cap. 
RZI H. & F. Cap. 
R Z Z Mining Cap. 
R Z3 P. P. P. Cap. 
RZ4 Other Mfg Cap. 
R Z5 Bldg & Constr. Cap. 
RZ6 Publ. Util. Cap. 
RZ7 Tl'ansp. & Comm. Cap,; 
R Z 8 Distributi<m Cap. 
RZ9 Bank. & Ins. Cap. 
R30 Services Cap. 
R31 Govt. Inv. (.'autonomous) 
R 3Z Ownership Cap. 
5 
. 8 
.169 
.173 
.188 
.044 
.175 
.18Z 
.184 
.175 
.181 
.184 
.168 
.181 
1.197 
.181 
R33 Ownership Inv. (autonomous) 1. Z08 
1 6 
1.0 1.Z 
.16Z .159 
.166 .163 
.180 .178 
.169 .167 
.170 .166 
.174 .170 
.163 .157 
.171 .167 
.170 .164 
.166 .165 
.179 .178 
.093 .167 
·1.186 1.180 
.181 .181 
I.Z08 1. Z07 
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TABLE 6.1F 
Effect of Changing TerIT,ls 01. Trade Primary Products 
. (Shadow Prices) 
Solution No. 5 1 
Terms of Trade 0.8 1.0 
I 
6 
1.2 
R34 Foreign Exchange 1. ·h7 1.141 1.026 
R35 Savings 
R36 Labour 2.456 2.782 
R37 Max. Farm Exp. .097 .097 .186 
R38 Max. For. Exp. .385 .087 
R39 Max. For. Proc. Exp. .411 .130 .014 
R40 Max. H. & F. Exp. 
R41 Max. Mining Exp. .283 .010 
R42 MaxP. P. P. Exp. .088 
R43 Max. Oth. Mfg. Exp. .354 .099 
R44 Min. Imm. Cons. .854 .931 ,927 
R45 Total Cons. 
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6.2.2 Foreign Exchange and Labour Scarcity 
Unlike savings, foreign exchange and labour have been 
shown to be factors which limit growth in the New Zealand economy. 
Labour scarcity dominates foreign exchange scarcity as its shadow 
price is nearly 2~ times greater, but it is manifest from Table 6.1F 
that the shadow price of the foreign exchange re,!'triction increases 
and that of the labour restriction decreases as the terms of trade 
for primary products declines. 
The effect on the opportunity costs of the restrictions on 
the levels of individual exports is also interesting. As expected, 
they tend to rise as foreign exchange becomes relatively more scarce -
especially for forestry products and manufactured goods. At the 
, 
same time the shadow prices for exports from "Farming" and from 
"Primary Produce Proces sing" do npt show signs of increasing: if 
the long term pros pects in agricultural prices are poor, the increase 
in farming output should continue, but the greatest marginal benefit 
to the economy will corne from the expansion of export outlets in 
manufacturing and forestry . 
. ', 
6.3 Upper Limits on Exporting Activities 
Irrespective of export prices, uncertainty oft~n exists 
as to the scope or size of future markets for some products. Often 
the limits are determined politically - the possibility of the United 
Kingdom joining the European Economic Community being an example 
that could affect New Zealand's main market for dairy products - and 
can only be treated in a trial and error fashion in a study such as this. 
The export limits used for the optimisation reported in Chapter V 
correspond to those projected by Ross and Philpott [30J and are there-
fore in line with the targets used by the National Development Conference 
(assuming 1964-65 export prices). The likely consequences of changes 
TABLE 6.2A Effect of Varying Export, Lim.its (ActivityLevels) 
Solution No. 1 7 8 9 10 11 12 
Max. exports Control All x 2 Farm.ing x 2 Mfg x 2 Farm.ing x} PPPx} Mfg x} 
PI Farm.ing 1292 1181 1417 1139 1223 1145 1361 
P 2 Forestry 59 60 59 59 59 55 60 
P 3 Forestry Proc. 350 398 347 348 352 321 351 
P Hunt. & Fishing 9 9 9 9 9 17 9 4 
P 5 Mining 61 59 59 60 62 56 61 
.P6 P.P.P. 750 306 379 565 928 598 834 ...... 0 
P Other Mfg. 2360 • 2526 2343 2160 2259 \..V 7 2338 2535 '. 
P 8 . Bldg & Constr. 876 876 880 872 878 800 879 
P
9 Public Utilitie s 250 248 248 249 250 230 250 
P 10 Transp. & Com.m.. 684 683 681 683 685 622 684 
P 11 Distribution 1196 1194 1207 1191 1191 1094 1197 
P 12 Bank. & Ins. 217 218 218 218 217 201 217 
P 13 Services 621 627 624 624 618 574 619 
P . Serv. to H/hold. 33 33 33 33 33 31 33 14 
P Servo to Govt. 358 359 359 359 356 335 356 15 
P 16 Ownership(interind. ) 93 94 93 94 93 85 92 
P 17 Ownership(final dem.. ) 389 391 390 390 387 ·36.3 388 
TABLE 6.2B Effect~f V~ryiJlg __ ];~J>ort_l:,.iroits (Act ivity Levels L 
Solution No. 1 7 8 9 10 11 12 
Max. exports Control All x 2 Fanning Mf 2 Far~ing ppp x i Mfg x2 gx x- x 1. 2 __ 2_ 
P 18 Farm,Inv. 57 32 
,85 23 42 24 71 
P 19 Forest. Inv. 
5 6 5 5 5 4 5 
P 20 For. Proc. Inv. 4 6 3 4 
4 2 4 
P 21 H. & F. Inv. 2 
P 22 Mining Inv. 2 2 2 2 3 2 2 
P 23 p. P. P. !nv. 4 15 9 
....... 
0 
P 24 Other Mfg. !nv. 41 52 42 51 
,j:>. 
42 32 37 
P 25 Bldg .'& Const. Inv. 36 36 37 35 37 19 37 
P26 Pub!. Ute !nv. 67 65 65 66 67 48 67 
P 27 Transp. & Comm.Inv. 56 56 55 56 56 34 53 
P 28 Distribution Inv. 36 36 37 35 35 25 36 
P 29 Bank. & Ins. Inv. 13 13 13 13 13 9 13 
P 30 Services Inv. 
P 31 Govt. Inv. (autonomous) 228 228 228 228 228 228 228 
P 32 .ownership !nv. 32 34 32 33 32 16 32 
P 33 Ownership !nv.(autonom.ous) 225 225 225 225 225 225 225 
TABLE 6.2C Effect of Varying EXEort Limits {Activity Levels) 
Solution No. 
Max. exports Control All._x 2 Fa:r;ing Mfg x 2 Farming. ppp x l. Mfg 
x 2 2 x.!. .~ 
P 34 Cons. (nil) 
P 35 Cons. (5%) 4040 4060 4054 4051 
P 36 Cons. (10%) 4018 3785 4026 
P 37 Farm. Exports 383 
612 766 383 192 383 383 
P 38 Forest. Exports 
5 5 5 5 5 5 
P39 For. Proc. Exports 44 88 44 44 44 44 44 ~ 0 
U1 
P 40 H. & F. Exports 10 
P 41 Mining Exports 
1 1 1 1 
P 42 P. P. P. Exports 451 74 262 632 318 537 
.p 43 Other Mfg Exports 212 424 212 424 212 212 106 
P 44 Imm. (1000) 19 17 18 18 19 19 
·P45 Imm. Cons~: 19 17 18 18 f9 19 
P 46 Total Cons. 4058 4077 4072 4069 4038 3785 4046 
Total Labour Force 1140 1139 1140 1140 1140 1131 1140 
Total Population 2988 2986 2987 2987 2988 2969 2988 
Cons. /head ($) 1358 1365 1363 1363 1351 1275 1354 
TABLE 6.2D Effect of Varying Export Limits (Shadow Prices) 
Solution No. 1 7 8 9 10 11 12 
Max. exports Control All x 2 Farming Mf 2 
Farming PPP x.!. Mfg x2 gx x2 2 1 x-~
Rl Farming 1.026 1.032 1.032 1. 032 1.025 .970 1.025 
R2 Forestry 1.032 1.044 1.042 1.042 1.031 .834 1.031 
R3 Forestry Proc. .993 .998 .998 .998 .992 .955 .992 
R4 Hunting & Fishing 1.447 1.482 1.472 1.472 1.446 1.139 1.446 
R5 Mining 1.121 1.124 1.124 1.124 1.120 1.161 1.120 
R6 P.P.P. 1.133 1.064 1.063 1.063 1.132 .949 ·1.132 
...... 
R7 other Mfg. 1.025 1.021 1.023 1.023 
0 
1.024 1. 218 1.024 0"' 
R8 Bldg. & Constr. 1!212 1 ~ 217 1. 217 1.217 1.211 1.202 1.211 
R9 Pub!. Utili tie s 2.184 2.162 2.171 2.171 2.182 2.916 2.182 
RIO Transp. & Comm. 1.330 1.331 1.332 1.332 1. 329 1.422 1. 329 
Rll Distribution .965 .984 .980 .980 .964 .604 .964 
R12 Bank. & Ins. .932 . '}-39 .938 .938 .931 .875 .931 
R13 Services 1.388 1.437 ·1.425 1.425 1. 388 .663 1.388 
R14 Servo to H/hold. .799 .834 .826 .826 .798 .798 
R15 Servo to Govt. .799 .834 .826 .826 .798 .798 
R16 Ownership{ interind. ) 2.221 2.235 2.234 2.234 2~220 2.131 2.220 
R17 Ownership{final demo ) .484 .490 .489 .489 .483 .387 .483 
TABLE 6.2E Effect of Varying EXEort Limi~s '{Shadow Prices) 
Solution No. 1 7 8 9 10 11 12 
Max. exports Control All x 2 Farming Mfg x 2 Farming PPPx% Mfg 
x2 x2 1 ~
R18 Farm. Cap. .162 .160 .161 .161 .162 .221 .162 
R19 Forest. Cap. .166 .164 .165 .165 .166 .225 .166 
R20 For. Proc. Cap. .180 .178 .179 .179 .180 .252 .180 
R21 H.&F. Cap. .215 
R22 Mining Cap. .169 .168 .168 .168 .169 .217 .169 
R 23 P.P. P. Cap. .170 .170 .170 ...... 
R24 Other Mfg. Cap. .174 .171 .172 .172 .174 .262 .174 
0 
-.] 
R 25 Bldg. & Constr. Cap. .163 .159 .160 . 1 rio ~ 163 .273 .163 
R26 Pub!. Util. Cap. .171 .168 .169 .169 .171 .258 .171 
R27 Transf>.. .. & Comm. Cap. , .170 .166 .. 167 .167 .170 .287 .170 
R 28 Distribution Cap. .166 .166 .166 .166 .166 .185 .166 
R29 Bank. & 'Ins. Cap. .179 .179 .179 .179 .179 .194 .179 
R30 Services Cap. .093 .161 .144 .144 .093 .093 
R31 Govt. Inv. (autonomous) 1.186 1.187 1.188 1.188 1.185 1.277 1.185 
R32 Ownership Cap. .181 .182 .182 .182 .181 .182 .181 
R33 Ownership Inv. (autonomous) 1.208 1.213 1. 213 1. 213 1. 207 1.213 1.207 
TABLE 6.2F Effect of Varying EXQort Limits (Shadow-Prices) 
Solution No. 1 7 8 9 III 11 12 
Max. exports Contre1 Mi. x.2 Farming Mf 2 x2 gx 
-Eanning .. ppp x .!. 
x 2 2 Mfgx t 
R34 Foreign Exch. 1.141 . 1.050 1.077 1.077 1.141 3.462 1.141 
R35 Savings 
* R36 Labour 2.782 2.905 2.876 2.876 2.780 2.780 
R37 Max. Farm. Exp. .097 .027 .027 .097 2.477 .097 
R38 Max. For. Exp. .087 .013 .013 .087 2.595 .087 I-' 
Max. For. Proc. Exp. .130 .033 .060 .060 .130 2.493 .130 0 R39 00 
R 40 Max. H.& F. Exp. 2.320 
R41 Max. Mining Exp. .010 .010 2.301 .010 
R42 Max. P. P. P. Exp. 2.498 
R43 Max. Oth. Mfg. Exp. .098 .011 .035 .035 • 09, 8 2,249 .098 
R44 Min. Imm. Cons. .931 .927 .928 .928 .930 1.017 .930 
R45 Total Cons. 
* 85.3 thousand labour units (man-years) in disposal. 
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in these limits were investigated by either doubling or halving the 
limits for the more important export categories - "Farming" exports 
(mainly wool), t1primary Produce Processing" exports (meat and 
dairy products, processed vegetables) and !IOther Manufacturing" 
exports. 
7 to 12). 
The results are given in Tables 6. 2A to 6.2F(Solutions 
It is of course very unlikely that changes in the size of 
markets would be so large, but,. as stated in Chapter I,. such analysis 
is worthwhile if some features of cause and effect within the economic 
system are revealed. 
6. 3. 1 All Export Limits' Dotibled 
When exports are "unchained" as for Solution 7 there is a 
distinct movement away from primary exports - especially processed 
primary exports. The level of output for "Primary Produce 
" 
Processing" is very small, the levels of investment for "Farming" 
and "Primary Produce Processing" are also low, and the level of 
processed primary exports is programmed to be zero (Tables 6.2A, 
6.2B, 6.2C). Processed forestry exports and secondary manu-
factured exports are the only exporting activities which enter the 
solution at the maximum level (Table 6.2F). The shadow price for 
labour is rather high, but the solution does not recommend a large 
amount of immigration. 
6.3. 2 Some Export Limits' Doubled 
Solutions 8 and 9 show the effects of doubling the maximum 
limits for "Fanningll exports and "Other Manufacturing" exports 
respectively. I These solutions are very similar (they have efoactly 
I 
1 . In SolutIon 1, processed primary exports do not enter at the 
maximum level so there was no point in increasing this limit. 
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the same dual solution - L e., the optimal bases have the same 
composition) 0 The only real difference is the expected one: Solution 8 
has high levels of output and investment in "Farming" whereas 
Solution 9 has high levels of output and investment in "Other Manufacturing", 
It is interesting to note that Solution 9 (representative of rapidly 
expanding markets for manufactured goods) has a much higher level 
(although still very low) of output and exporting of proces sed primary 
products than Solution 8, This suggests that there is something of a 
complementary effect between "Other Manufacturing" and "Primary 
Produce Proces sing". However, it should be remembered that in 
Solution 9 "Farming" exports are restricted whereas in Solution 8 
they are not. The higher level of "Primary Produce Proces sing" 
in Solution 9 is more likely a substitution effect to replace the export 
income lost by restricting "Farming" exports. 
6.3.3 . Some Export Limits Halved 
As the outlook for New Zealand I s markets has recently been 
more pessimistic than optimistic, optimal solutions with half the 
export potential for "Farming", "Primary Produce Proces sing", 
and "Other Manufacturing" were obtained; these are Solutions 1 0, 
11 and 1Z. 
The already observed substitution between "Farming", 
"Primary Produce Processing" and "Other Manufacturing" is again 
apparent. The phenomenon of complementarity between "Primary 
iProduce Processing" and "Other Manufacturing" is also discernible 
from Solutions 11 and 1 Z; in fact, the levels of output and investment 
for "Other Manufacturing" are lower when "Primary Produce Proces s-
ing" exports are restricted than when "Other Manufacturing" exports 
are restricted. In all three of these solutions the consumption 
activity with the greatest amount of import substitution is chosen. 
III 
However, the ITlOSt striking feature of the cOITlparison is the 
severity with which restriction of exports of proces sed priITlary 
products· affects the econom.y (Solution 11). . Apart from. the substitution 
effect m.entioned earlier, the relative iITlportance of each sector is 
siITlilar to other solutions, but the absolute levels of output and invest-
ITlent are pared down to the extent that labour is no longer-a scarce 
resource. In fact there are 85,300 surplus labour units (ITlan years) 
in the optiITluITl solution. The shadow prices of foreign exchange and 
each of the restrictions on export levels are very high (Table 6.2F) 
and consuITlption per head is very low (Table 6.2C). The iITlplication 
is that New Zealand IS econoITlic. prosperity (ITleasured by the level of 
eITlploYITlent and consuITlption per head) is extreITlely dependent on the 
ITlaintenance of ITlarkets for proces sed priITlary products. This is 
sOITlewhat disturbing as dairy products constitute a ITlajor portion of 
these exports and the ITlarkets for these are anything but secure. At 
the saITle tiITle, the results of Solutions 7, 8 and 9 should not be 
forgotten; that these products do not play an iITlportant role if all 
other ITlarkets are expanding. Also, processed priITlary products 
include ITleat for which ITlarkets appear favourable. It would be 
helpful if the analysis could be repeated with a disaggregated "PriITlary 
P . 1 Produce· rocesslng" sector. 
It seeITlS reasonable to conclude that serious efforts should 
be ITlade to ITlaintain the dairy ITlarket - at least in the short terITl. 
However,. evidence also exists that expansion of other ITlarkets 
(processed forestry products and ITlanufactured gooq:.s in particular) 
could be a ITlore positive approach to econoITlic policy. 
1 As noted in Chapter II, this will soon be possible due to the 
disaggregation of the LincolnITlodel by Professor B. J. Ross. 
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6.4 Technological Change 
The measurement of technological change is currently one 
of the most urgent needs of economic science. Technology can 
be thought of as "way of using" capital, labour or any other primary 
resource. If the same input of capital or labour, ceteris· paribus, 
can be used so that greater output is achieved, a technological 
change has occurred. The present model has taken some account of 
this by as suming a reduction in the labour -output ratios during the 
planning period. As a pos sible guide to the allocation of research 
expenditure both the capital-output and labour -output ratios were 
reduced for "FarIning", "Processed Primary Products" and "Other 
Manufacturing" in turn. It was hoped that the relative impact of 
technology on these sectors would indicate in which sectors techno-
logical change would be of most benefit to the economy as a whole . 
. Solutions 13, 14 and 15 are set out in Tables 6. 3A to 6. 3F, and 
some comments on them follow. 
Firstly, in terms of consumption per head, technological 
change is of most benefit when achieved in the "Other Manufacturing" 
sector, but it is only slightly less beneficial when achieved in 
"FarIning" (Table 6.3C). 
The effects on output levels seem to differ little 
(Table 6.3A). The most noticeable differences are in the programmed 
investment levels (Table 6. 3B): the level of investment to maintain 
production does not need to be as high for the sector in which the 
technological change has taken place. This may not be of major 
importance as total investment is restricted only by foreign exchange -
not by the availability of savings. Nevertheles s, it could take some 
strain off the mechanisms for financing investment, a possible 
bottleneck which is not accounted for in the model. 
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TABLE 6.3A 
Pos sible Effects of Technological Change 
(Activity Levels) 
Solution No. 1 13 
10% Tech. Change Control Farming 
PI Farming 1292 1304 
P 2 Forestry 59 60 
· P 3 Forestry Proc. 350 351 
· P 4 Hunting & Fishing 9 10 
P5 Mining 61 61 
'P6 P.P.P. 750 763 
P 7 Other Mfg. 2338 2354 
P 8 Bldg & Constr. 876 879 
Public Utilitie s 250 252 
P I0 Transp. & Comm. 684 689 
P 11 Distribution 1196 1206 
P 12 Bank. & Ins. 217 
220 
· P 13 Services 621 629 
P 14 Serv. to H/hold. 33 33 
P 15 Serv.to Govt. 358 363 
P 16 Ownership(interind. ) 93 94 
· PI 7 Ownership{final demo ) 389 395 
14 15 
PPP Other Mfg. 
1296 1325 
59 60 
351 357 
10 10 
60 62 
754 783 
2344 2389 
877 889 
250 255 
685 700 
1199 1223 
218 222 
623 633 
33 34 
359 365 
93 95 
390 397 
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TABLE 6.3B 
Possible Effects of Technological Change 
(Activity Levels) 
Solution No. 1 13 14 15 
10% Tech. Change . None Fanning PPP Mfg . 
P 18 Farm Inv. 57 31 58 65 
P
19 Forest. Inv. 5 5 5 6 
P 20 For. Proc. Inv. 4 4 4 4 
P 21 H. & F. Inv. 
'P22 Mining Inv. 2 2 2 3 
P 23 P. P. P. Inv. 4 5 6 
P 24 Othe r Mig. Inv. 41 42 42 31 
P 25 Bldg. & Const. Inv. 36 36 36 39 
P 26 Publ. ut. Inv. 67 69 67 72 
P 27 Trans. & Comm. Inv. 56 58 57 62 
P 28 Distribution Inv. 
36 37 36 39 
P 29 Bank. & Ins. Inv. 13 13 13 14 
P 30 Services Inv. 
P 31 
Govt. Inv, (autdnom.ous) 228 228 228 228 
P 32 Ownership Inv. 32 33 32 34 
P 33 Ownership Inv. (autonom.ous) 225 225 225 225 
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TABLE 6.3C 
Possible Effects of Technological Change 
(Activity Levels) 
Solution No. 
10% Tech. Change 
P 34 Cons. 
(nil) 
P 35 Cons. (5%) 
P 36 Cons. (10%) 
P 37 Farm.. Exports 
P 38 Forest. Exports 
P
39 
For. Proc. Exports 
P 40 H. & F. Exports 
P 41 Mining Exports 
P 42 p, P. P. Exports 
P 43 Other Mfg. Exports 
P 44 
Im.m., ( '000) 
P 45 Im.m.. Cons. 
P 46 Total Cons. 
Total labour force 
Total population 
Cons /head ($) 
1 
None 
4040 
383 
5 
44 
1 
451 
212 
19 
19 
4058 
1140 
2988 
1358 
13 
Farm.ing 
4103 
383 
5 
44 
459 
212 
17 
17 
4120 
1139 
2986 
1380 
14 
PPP 
4053 
383 
5 
44 
454 
212 
18 
18 
4071 
1140 
2987 
1363 
15 
Mfg 
4129 
383 
5 
44 
1 
477 
212 
16 
16 
4144 
1139 
2985 
1388 
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TABLE 6.3D 
Possible Effects of Technological Change 
(Shadow Prices) 
Solution No. 1 13 14 15 
10% Tech. Change None Farming PPP Mfg 
.R 1 .Farming 1.026 .969 1.033 1. 029 
R2 Forestry 1.032 1.040 1.043 1.041 
R3 Forestry Proc. .993 .998 .- .999 1.002 
R4 Hunting & Fishing 1.447 1.446 1.479 1.471 
R5 Mining 1.121 1.125 1.125 1.128 
R6 P.P.P. 1.133 1.094 1.051 1.138 
R7 Other Mfg. 1.025 1.024 1.023 .994 
R8 Bldg. & Constr. 1.212 1.217 1.218 1.216 
R9 Public Utilitie s 2,184 2.180 2.169 2.185 
RIO Transp. & Comm. 1.330 1.334 1.333 1.337 
Rl1 Distribution .965 .975 .982 .975 
R12 Bank. & Ins. .932 .937 .939 .938 
R13 Service s 1.388 1.412 1.432 1.419 
R14 Serv. to H/hold. .799 .817 .830 .819 
R15 Servo to GovL .799 .817 .830 .819 
R16 Ownership(interind. ) 2.221 2.233 2.236 2.231 
R17 Ownership(final demo ) .484 .488 .490 .487 
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TABLE 6.3E 
Possible Effects of Technological Change 
(Shadow Prices) 
Solution Noo 1 13 14 15 
10% Tech. Change None Fanning PPP Mfgo 
R18 Farxn. Capo .162 0161 0160 0160 
R19 ForesL Cap. .166 .165 0164 .165 
R20 For. Proc. Cap. .180 .180 .179 .181 
R21 H.& F. Cap. 
R22 Mining Capo .169 .169 .168 .169 
R 23 P. P. P. Cap. .170 .169 .170 
R24 Other Mfg. Cap. .174 .173 .172 .174 
R 25 Bldg. & Constr. Ca.p. .163 .162 .160 .162 
R26 Pub!. Uti!. Cap. .171 .170 .169 .171 
R27 Trans. & Coxnxn. Cap. .170 .168 .167 .169 
R 28 Distribution Cap. .166 .166 .166 .165 
R29 Bank. & Ins. Cap. .179 .179 .179 .179 
R30 Services Cap. .093 .127 .153 .131 
R31 GovL Inv. (autonoxnous) 1.186 1.189 1.189 1.189 
R32 Ownership Cap. .181 .182 .182 .182 
R33 Ownership Inv. (autonoxnous) 1.208 1. 213 10214 1 ~"ZI2 
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TABLE 6.3F 
Possible Effects of Technological Change 
(Shadow Prices) 
Solution No. 1 13 14 15 
10% Tech. Change None Farming PPP Mfg. 
R34 Foreign Exchange 1.141 1,105 1.066 1,147 
R35 Savings 
R36 Labour 2,782 2.845 2,891 2.853 
R37 Max. Farm Exp, .097 e 113 ,015 .099 
R38 Max, For. Exp. ,087 .043 .083 
R39 Max, For, Proc. Exp. .130 ,089 ,048 .125 
R 40 Max. H:& F'. EJfP, 
R41 Max, Mining Exp. .010 .009 
R42 Max, p, P. p, Exp. 
R43 Max, Oth, Mfg. Exp. .099 .063 .024 ,132 
R44 Min. Imm. Cons. ,931 .929 ,928 .929 
R45 Total Cons. .000 .000 .000 ,000 
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Thirdly, the shadow prices for foreign exchange and labour 
(Table 6. 3F) indicate that technological change tends to amplify the 
labour shortage problem. For the "Farming" and "Other Manufacturing" 
sectors the shadow prices of the restrictions on export levels fall 
(although only slightly when the technological change is in the "Other 
Manufacturing" sector) except for the sector in which the technological 
change has occurred. This could mean that policies which encourage 
technological change in these sectors will be of limited use unless 
simultaneously matched by policies to expand export markets for 
the same sectors. 
6.5 Consumption for Immigrants 
The consumption activity for immigrants has been mooted 
as an approximation to optimising consumption per head. As a 
means of evaluating the effectivenes sof the ploy, a number of 
solutions were obtained in which the consumption requirements of 
a unit of immigration (1000 people) was reduced. These are Solutions 
16 to 19 set out in Tables 6.4A to 6. 4F. 
As soon as the coefficient is reduced from 1.0 to 0.9 the 
levels of output and investment rise considerably (Tables 6.4A and 
6.4B), but thereafter they change very little. Total consumption 
rises only slightly and the level of immigration steadily increases. 
The result is that consumption per head gradually decreases 
(Table 6.4C). The model appears to behave in. such a way that, 
once the first increase in activity has taken place, substitution 
between immigrants' consumption and indigenous consumption occurs 
and all the other variables remain at about the same levels . 
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TABLE 6.4A 
Effect of Lowering IITlITligrants' ConsuITlEtion ReguireITlents 
(Activity Levels) 
Solution No. 1 16 17 18 19 
Min. cons. ($ITln/ '000) 1.0 0.9 0.8 0.5 0.0 
PI FarITling 1292 1490 1490 1492 1492 
P 2 Forestry 59 
68 68 68 68 
P 3 Forestry Proc. 
350 407 407 410 411 
P
4 
Hunt. & Fish. 9 10 10 19 19 
P 5 Mining 61 72 72 72 72 
P 6 P.P.P. 
750 956 956 957 957 ~, 
.. 
P 7 
Other Mfg. 2338 2657 2657 2674 2675 
P 8 Bldg. 
& Constr. 876 11 01 11 02 III 7 1121 
P
9 
Pub. Ut. 250 276 276 277 277 
P 10 Transp. & COIT1ITl. 
684 784 784 789 790 
P 11 Distribution 1196 1345 1345 1352 1352 
P 12 Bank. & Ins. 
217 
• 
240 240 241 241 
P 13 Service.s 621 685 685 688 688 
P 14 Servo to H/hold. 
33 35 35 35 35 
P 15 Servo to Govt. 358 358 361 369 383 
P 16 Ownership(iI}terind. ) 93 105 105 105 105 
PI 7 Ownership(final deITl. ) 389 415 415 416 416 
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TABLE 6.4B 
Effect of Lowering Immigrants' Consurnetion Reguirements 
(Activity Levels) 
Solution No. 1 16 17 18 19 
Min. cons. ($mn/ '000) 1.0 0.9 0.8 0.5 0.0 
P 18 Farm. Inv. 57 102 102 102 102 
P 19 Forest. Inv. 5 8 8 8 8 
P 20 For. Proc. Inv. 4 7 7 7 7 
P 21 H.&F. Inv. 2 2 
P 22 Mining Inv. 2 4 4 4 4 
P 23 P. P. P. Inv. 4 17 17 17 17 
P 24 Other Mfg Inv. 41 58 58 59 59 
P 25 Bldg. & Const. Inv. 36 88 88 91 92 
,PZ6 Pub!. Ut. Inv. 67 91 91 92 92 
P 27 Trans. & Comm. Inv. 56 92 92 94 94 
P 28 Distribution Inv. 36 53 53 54 54 
P 29 Bank. & Ins. Inv. 13 18 18 18 18 
P 30 Services Inv. 44 44 48 49 
P 31 Govt. Inv. (autonomous) 228 228 228 228 228 
p 32 Ownership Inv. 32 141 142 151 154 
P 33 Ownership Inv. (autonomous) 225 225 225 225 225 
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TABLE 6.4C 
Effect of Lowering Im.m.igrants' Consum.etion Reguirem.ents 
(Activity Levels) 
Solution No. 
Min. cons. ($rrm/ '000) 
P 34 Cons. (nil) 
P 35 Cons. (5%) 
P 36 Cons. (10%) 
P 37 Farm.. Exports 
P 38 Forest. Exports 
P 39 For. Proc. Exports 
P 40 H. & F. Exports 
P 41 Mining Exports 
P 42 P. P. P. Exports 
. P 43 Other Mfg .. Exports 
P 44 Im.m.. ( '000) 
P 45 Imm.. Cons. 
P 46 Total Cons. 
Tot.al labour force 
Total Population 
Cons. /head ($) 
1 
1.0 
4040 
383 
5 
44 
1 
451 
212 
19 
19 
4058 
1140 
2988 
1358 
16 
0.9 
4044 
383 
5 
44 
1 
636 
212 
320 
288 
4331 
1291 
3289 
1317 
17 
0.8 
4074 
383 
5 
44 
1 
636 
212 
322 
257 
4331 
1292 
3291 
1316 
18 
0.5 
4168 
383 
5 
44 
10 
1 
636 
212 
346 
173 
4341 
1~04 
3315 
1310 
19 
0.0 
4338 
383 
5 
44 
10 
1 
636 
212 
357 
4338 
1310 
3326 
1304 
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TABLE 6.4D 
Effect of Lowering Immigrants' ConsumQtion Reguirements 
(Shadow Prices) 
Solution No. 1 16 17 18 19 
Min. cons. ($mn/ '000) 
-L...Q 0:9 0.8 0.5 0.0 
Rl Farming 1.026 1.023 1.019 1.006 .984 
R2 Forestry 1.032 1.027 1.014 .975 .907 
R3 Forestry Proc{~' .993 .990 .987 .978 .962 
R4 Hunt. & Fish. 1.447 1.434 ,>1. 389 1.591 1.382 
R5 Mining 1.121 1.118 1.120 1. 125 1.134 
R6 P.P.P. 1.133 1. 129 1.125 1.111 1.086 
R7 Other Mfg. 1.025 1.025 1.036 1.0q9 1.129 
R8 Bldg. & Const. 1. 212 1.208 1.207 1.202 1.195 
R9 Pub!. Ut. 2.184 2.186 2.230 2.360 2.591 
RIO Transp. & Comm. 1.330 1.327 1.332 1.346 1; 371 
Rll Distribution .965 .959 .937 .868 .749 
R12 Bank. & Ins. .932 .930 .927 .914 .894 
R 13 Services 1.388 1.396 1.354 1.224 .997 
R14 Servo to H/hold. .799 .787 .738 .587 .324 
R15 Servo to Govt. .799 .787 .738 .587 .324 
R 16 Ownership (interind. ) 2.221 2.216 2.209 2.187 2.152 
R17 Ownership(final demo ) .484 .482 .476 .475 .424 
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TABLE 6.4E 
Effltrct of Lowering Immigrants' ConsumEtion Reguirements 
(Shadow Prices) 
Solution No. 1 16 17 18 19 
Min. cons. ($mn/ '000) 1.0 0.9 ~8 a.5 0.0 
R18 Farm. Cap. .162 .162 .166 .176 .195 
R 19 Forest Capo .166 
,166 ,169 .180 .199 
R 20 For. Froe. Cap. ,180 .181 .185 .198 .221 
R21 H. & F. Cap. .175 .192 
R22 Mining Cap. .169 ,169 .172 ,180 .195 
R23 P. p.P. Cap. ,170 .171 .177 .194 .224 
R24 Other Mfg. Cap. .174 .175 .180 .196 .224 
R 25 Bldg & Constr. Cap. .163 .164 .170 .190 .225 
, 
R 26 Pub!. Util. Cap. .l!:?! .172 .177 .192 .220 
R27 Trans. & Comm. Cap. .170 .171 .178 .199 .236 
l·' 
R 28 Distribution Cap. .166 .166 .167 .170 .176 
R29 Bank. & Ins. Cap. .179 .179 .179 .182 .186 
R30 Services Cap. .093 .171 .175 .187 .208 
R31 Govt. Inv. (autonornous) 1.186 1.184 1. i 89 1.203 1.228 
R3~ Ownership Cap, .181 .181 .181 .181 ,180 
R33 Ownel\ship Inv,. (autonomous) 1.208 1.206 1.205 1. 203 1.201 
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TABLE &.4F 
Effect of Lowering Immigrants' Consum)2tion Reguirements 
(Shadow·Prices) 
Solution No. 1 16 17 18 19 
lv1in. cons. ($rnn/ '000) 1.0 0.9 0.8 0.5 0.0 
R34 Foreign.Exch. 1.141 1.164 1.304 1.731 2.480 
R35 Savings 
R36 Labour 2.782 2.741 2.570 2.045 1.129 
R37 Max. Farm. Exp. .097 .123 .276 .708 1.480 
R38 Max. For. Exp. .087 .114 ~266 .731 1.545 
R39 Max. For. Proc. Exp. .130 .155 .298 .735 1.502 
R40 Max .. H. & F. Exp. ,199 1.125 
R41 Max. Mining Exp. . 010 .035 .174 .599 1.342 
R42 Max. P. P. P. Exp. .026 .170 .613 1.387 
R43 Max. Oth. Mfg. Exp. .099 .121 .252 .650 1.347 
R44 Min. Imm. Cons. .931 .931 .937 .953 .981 
R45 Total Cons. 
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However, an examination of the shadow prices shows that as 
the level of incorne for immigrants is neglected there is a complete 
change in the policy priorities dictated by the modeL There is a 
gradual reversal of the relative scarcities of foreign exchange and 
labour, and marked increases in the opportunity costs of the 
restrictions on exporting activities (Table 6.4F). It would be the 
same basic forces which cause the model to choose the consumption 
activity with 10 per cent import substitution (Table 6.4C) and the 
marginal productivities of capital to rise (Table 6.4E). 
In short, failure to allow a reasonable level of consumption 
for immigrants will cause higher levels of immigration to be programmed 
and something will be sacrificed in terms of consumption per head. 
The overall level of activity in the economy will not change much, but 
the increased numbers of immigrants will put great pres sure on the 
balance of payments while going some way towards relieving labour 
shortages. It would not be advisable, therefore, to abolish this 
part of the model unless the expansion of export markets or the 
improvement of prices is assured. This assurance could hardly be 
given confidently at the present time. 
6.6 . Capital Requirements for Immigrants 
It was thought that the reluctance of the model to include 
large amounts of immigration might be due to the heavy capital 
requirements incorporated. Immigrants are likely to be more 
efficient users of capital than indigenous New Zealanders in that 
they are prepared to live in smaller houses, work longer hours 
and so forth. For this reason it was decided to reduce the homi~ng 
capital requireITlents by 10 per cent and 20 per cent, but the effect 
on the optimum solution was negligible. The high surplus of 
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savings has revealed investment to be of minor importance; it 
seems that the real bottleneck to development is foreign exchange 
and it is this which ultim.ately obst:r-ucts in inflow of immigrants -
not through the direct import requirements, but through the 
increased strain on imports caused by higher levels of activity 
in the economy 0 
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CHAPTER VII 
LIMITATIONS OF THE STUDY 
Any scientific or cultural study cannot be expected to be 
all-embracing; it can only be demanded that the best use be made 
of the titne, skill and facilities available for the undertaking. 
While the methods ernployed in this study are potentially powerful, 
there are, as has been mentioned periodically throughout the text, 
a number of shortcomings, theoretical and applied. It is intended 
in this chapter to gether these" thoughts together so that the study as 
a whole can be regarded in its true perspective. 
7. I Capital and Replacement of Capital 
Organisation of the purchase and use of capital equiprnent 
is critical to e~onorrlic development, but, ullfortunately, effective 
measurement of capital is difficult. The capital stock values which 
have been used are obtained synthetically and any judgrnent as to 
whether these figures might understate the true technological 
capacities of the sectors could only be subjective. Thus the assumption 
that in the base year all sectors were operating at close to full 
capacity is made primarily for convenience. The capital-output 
ratios which link these i1 capital-:stocks" to the rest of the model 
are also suspect, although it is probable that they give a reasonable 
representation of the relative differences in capital requirernents 
between sectors, It seems then that little importance can be 
attached to the absolute values of investm.ent programmed, but 
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smnething might be gained from comparing inveshnent levels of 
different solutions of the model and within the same solution. 
A feature of capital which is frequently overlooked is that 
it is not generally substitutable between different processes. This 
has been acknowledged in the model to the extent that there is a 
separate, non-transferable capital stock for each sector, but the 
specialised nature of. plant within sectors is probably no less 
important. Also, the embodiment of technological change in capital 
has been virtually ignored. Arbitrary reduction of the capital-output 
ratios has been demonstrated a!;l a means of evaluating the importance 
of technological change, although more precise knowledge of the nature 
of such developments is needed before such analysis will become very 
. . 
useful. Is technological change in a, particular industry likely to be 
labour saving (capital intensive) or c~pital saving (lab<?ur intensive)? 
Are the same input;output coefficients relevant when technolo'gical 
change has occurred? Such questions have not been answered and 
the resulting distortion of the numerical results may be serious. 
The treatment of depreciation and capital replacement is 
another difficulty closely allied to the above discussion. Depreciation 
coefficients related to the level of output and based on accounting 
depreciation rather than statistics of actual capita~ replacement 
have been used - mainly because no others are readily available. 
These maybe totally unrelated to patterns' of capital replacement, 
which is what really affects resource requirements, which are the 
major concern of this study. Physical replacement of capital is 
certainly lumpy over time at the firm level, and it is hoped that 
in the aggregated sectors these "lumps" tend to level out due to 
different firms replacing capital at different times. Some sectors, 
however, are composed of only a few independent corporations, so 
that this as sumption is dubious. Another consequence of the 
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heterogeneity of capital stocks within a seotor is that some capital 
goods have a longer econo1TI.lc life than others, and will need to be 
replaced les s frequently. For instance, buildings will generally 
last 1TI.uch longer than 1TI.achinery, so that the average annual inputs 
of capital goods for replace1TI.ent will have a lower proportion of 
buildings and a higher proportion of 1TI.achinery than the inputs of 
capital goods for net investment. This particular factor has been 
allowed for in the additions, representing replace1TI.ent expenditure, 
that have been 1TI.ade to the current input-output coefficients: the 
additions are based on capital input-output coefficients but are 
weighted so that the inputs of "Building and Construction" capital 
goods constitute lower proportions of the totals; that is, a unit of 
replace1TI.ent capital has a lower content of building than a unit of 
net invest1TI.ent capital. 1 This is little 1TI.ore than a palliative, 
however, as the durabilities of all types of capital vary considerably. 
Especially is this true of the rates at which equip1TI.ent bec«.1TI.es 
obsolescent, which means that this proble1TI. is intertwined with 
that of 1TI.easuring technological change. 
7.2 Depth of Analysis 
Although the 1TI.odel is designed to 1TI.easure si1TI.ultaneously 
the effects of the closely interrelated forces which affect overall 
econo1TI.ic activity, there are a nU1TI.ber of very i1TI.portant factors 
which have not been incorporated. 
Firstly, there is the question of the level of aggregation. 
The model does not yet treat the econo1TI.Y in a sufficiently detailed 
1 See Appendix 1. 
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manner to produce very conclusive results. It is very likely 
that some of the important interrelationships occur within SOITle of 
the 11cells 11 of the input-output matrix and thus escape scrutiny. 
There is no specific treatment of potentially lucrative industries 
such as tourism and the optimal structure may be biased b~cause of 
this. 1 Nor is there any provision for classification of the labour 
force with limits on labour mobility. In general, however. there 
are few theoretical obstructions to these refinements being added 
to the model - the availability and accuracy of data are the main 
problems. As more detail becomes available the model can be 
quickly and easily modified to include it. 
Secondly, the model over-simplifies the economic process 
and patterns of economic behaviour. Before economic projects 
can be initiated the financing arrangements have to be feasible; 
there are no constraints in the model to ensure this. It is left 
to the policy makers using the results of the model to consider the 
financial problems, but it would be more satisfactory if equations 
representing attitudes to borrowing and lending were part of the 
main analysis. Apart from financing, there are shortcomings in 
the model with respect to the operation of the market mechanism. 
In Chapter I there was some discus sion of the inability of a lais sez-
faire economic systern to pursue adequately the economic goals of 
society, and it was inferred that such a system could not exist in 
a pure form. However, this study assumes perfect competition 
and makes no attenlpt to allow for lags in price and quantity 
adjustmenL 
1 Tourism has been assumed to be an export of tlOther Manufacturing 11 . 
The high output programmed for this sector might be interpreted 
as favouring tourist promotion. 
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Thirdly, the interpretation of the numerical results has been 
a little apologetic. Not sufficient confidence is placed in the 
accuracy of the original specification to enable any but the most 
obvious conclusions to be made. The output levels programmed for 
the majority of sectors supply no more information to economic 
planners than do projection methods as no statistical tests can be 
applied to the optimal solution, because the stochastic characteristics 
of the base year data are unknown. Consequently, little can be 
said about the target for "Transport and Communication", for instance, 
other than that it is "about the same as the projected target" and 
is probably "about right"; the targets for most sectors give planners 
only a rough indication of what the economic structure in the future 
should be. In this sense, the study effectively analyses three or 
four rather than sixteen sectors. 
7.3 Comparative Statistics 
The model gives no indication of the dynaITlics of the optimum 
solution. It merely gives a comparison between the economic 
situation at two points in time. The value (-6.6667) of the coefficient 
relating target year investment flows to capital stocks was chosen 
as an approximation to a 4 to 5 per cent annual rate of growth of 
investment, but this same value would be appropriate for a large 
number of investrnent growth patterns (e. g. when the initial rate 
of growth is very low and later on in the period it is much higher). 
Likewise, the optimum time pattern of production is not revealed In 
the analysis. These are very important problerns to economic 
planning bodies - the degree of choice is much larger over time. 1 
1 See Dorfman, Samuelson and Solow [10], Ch.14. 
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Consequently, a polyperiod linear programming :model would be much 
more suitable as the analyst is able to account for the way in which 
the labour force, export lhnits, technology, etc., will change during 
the period; the temporal production and investment patterns required 
will, therefore, be one of the results of the computation. Such 
polyperiod models are very demanding on data and computer capacity, 
however. The present model is aimed at giving only a general 
indication to polic y "makers. 
7.4 Prices 
The whole analysis has been carried out in base year 
(1964-65) prices. There is no guarantee that when the price level 
changes the same input-output coefficients represent the character 
of the economy. The shadow prices of the linear programming 
solution indicate that there will be some pres sure on the relative 
prices of different commodities as the solution is implemented. This 
also may invalidate the original coefficient values. Changes in 
parameters due to adjustments in the price level and in relative 
prices could mean that the "optimum" solution is, in fact, rather 
different from the true optimum. Allowing prices to vary would 
introduce non~linearities into the equations so that more sophisticated 
programming would be necessary. 
7.5 . Savings 
The treatTIlent of savings as a constant proportion of gros s 
national product could be ITlisleading. Apart frornthe problem of 
choosing the correct value for the ratio, there is a difficulty in that 
oscillations in the economic climate undoubtedly affect the 
co:mmunity's preparedness to save, It is likely that the resultant 
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short term fluctuations in investrnent p.atterns are, in fact, a 
bottleneck to the longer terrn development of the economy, The 
savings surplus which has resulted in this study could be fallacious, 
No attempt has been made to account for this possibility in the 
formulation of the model, and it is difficult to see how it would be 
achieved using linear programming. Polyperiod models would be 
useful as the pattern of investment required over time can be 
calculated, but other economic studies would still have to be carried 
out so that policy makers would know how these investment levels 
could be achieved, 
7.6 Need for Current Data 
The difficulty of obtaining up-to-date data is a factor which 
limits the usefulness of the model. The various theoretical objections 
to the use of input-output coefficients do not loom as large when they 
are based on recent interindustry transactions tables, The basic 
data for this study is for 1959-60 so the model contains parameters 
which are a decade out of date. Admittedly, the data has been 
updated to 1964-65 using the R, A, S, technique, but the accuracy of 
this has not been tested and it will not be possible to do so until 
more recent interindustry statistics are available, Even the us e of 
1964-65 as base year is unfortunate,as the p: ~nning horizon at the 
time of the analysis, was half completed, The more ways that can 
be found of speeding up the mechanics of putting the model together, 
the more use it will be for practical indicative planning. 
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1.7' O'l!J>i!ectives of Policy 
There was some discus sion in Chapter I on the problems of 
f<lWmrua..tiing realistic objective functions. Maximisation of 
co-nS"u,'ITllpt:ion with constraints on resource use, savings and the 
balance of payments, and the allowance of consumption for immigrants 
are :reasonably satisfactory as far as long term policies are concerned; 
but there are no devices which prevent inequitable income distribution, 
regional disparities of resource use, or price instabilities. The 
planning committee must be able to consider such aspects of the 
progra.rnmed structure before policy decisions are made. The 
programmed solution does not account for social values although 
the cons.umption and capital requirements for immigrants should be 
regarded as steps in the right direction. 
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CHAPTER VIII 
SUMMARY AND CONCLUSIONS 
8.1 Smumary of Results 
Bearing in m.ind the limitations which have been . .forwarded 
concerning this study, the following comm.ents relating to the 
m.edium. and long term. economic development of New Zealand are 
warranted: 
(1) Given that expansion of m.anufactured exports will 
4 
be difficult, it is im.portant that m.arkets for prim.ary products 
exported from New Zealand should be maintained and that invest-
ment in farming should continue at a high level so that the current 
high standard of living in New Zealand should not deteriorate. 
This policy should apply even when agricultural export prices 
are low. The economy is particularly sensitive to the los s 
of markets for proces sed primary products. 
(2) Expansion of the economy and improvement in 
living standards are more dependent on the encouragement 
of new products and new industries than on traditional ones. 
In particular, serious efforts should be made to find further 
export markets for proces sed forestry products and for 
secondary manufactured goods. 
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(3) An intensive im.'rnigration policy would not be 
of immediate benefit to the economy. Additional 
labour is required, but it is only after export markets 
have expanded that the economy is likely to be able to 
stand the additional press'ure on foreign exchange (as 
well as on other resources). At the same time a 
small amount of immigration is recommended. It 
stands to reason that, where pos sible, the immigrants 
admitted have skills in industries which have export 
potential. 
(4) There should be some encouragement of import 
substitution industries which will significantly ease 
the balance of payments. This should not, however -
at least on existing evidence - be a major policy 
priority. 
8.2 Practical Use of the Model 
This study has aimed only at demonstrating the method-
ology of using linear programming for national economic planning. 
The numerical results should be interpreted tentatively until rh.e 
model is further disaggregated and, if possible, until more 
attention is given to price changes and the time pattern of production. 
However, the problem of out of date data is perhaps the most serious 
shortcoming. J. K. Galbraith I s comment relating to industrial firms 
that "a bad decision made on time will not USUajUy be as costly as a 
good decision made too late" l might equally apply, at least in part t 
1 See Galbraith [15], p.64. 
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to economic policy decisions. Data should be quickly proces sed and 
inserted in the model so that the exercise is concerned with the 
future rather than merely being useful for comparison with the present, 
It would be easier to achieve this if the model was set up by 
a team of workers rather than a solitary researcher. Not only 
would this abbreviate the time taken to carry out the analysis, but 
it would enable 'each contributor to specialise in a particular aspect 
of the model without losing sight of the overall aims of the project, 
Thus the need for greater detail could be attended to without 
seriously neglecting the complicated network of interrelationships 
which is the key to this type of analysis. With this kind of approach 
it would be possible to work simultaneously towards the development 
of a polyperiod model. 
It is envisaged that the use of this model should be a 
continuous operation. As more accurate data, or knowledge of 
changing circumstances, becomes available, policy decisions should 
be reconsidered in the light of the new optimum solution and its 
stability. There will inevitably be a lag between the solution of 
the model and the implementation of policy. If the optimum structure 
was revised (or rather, recalculated), for example, at two or three 
monthly intervals it could be possible to make last minute policy 
adjustments. There is also a chance that serious anomalies, or 
misinterpretations of earlier solutions will be exposed before their 
consequences are too far reaching. 
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APPENDIX I 
DEFINITION OF SIXTEEN SECTORS AND 
COMPILATION OF DATA 
The sixteen sector s on which the results of this study are 
based are:-
(1) Farrn.ing: This sector encorn.passes the whole of farrn.ingin 
New Zealand: livestock, cropping, horticultural produce, 
poultry and agricultural contracting. 
(2) Forestry and Logging:- The establishrn.ent,. rn.aintenance ana 
harvest ing of trees. 
(3) Forest Processing: The processing of raw tirn.berinto sawn 
tirn.ber and other building rn.aterials or fittings, and the 
processing of raw tirn.berinto pulp and paper products.· 
(4) Hunting and Fishing: The production of raw fish, and pest 
exterrn.ination and acclirn.atisation activities. 
(5) Mining: Mainly corn.posed of coal production and lirn.estone 
production. 
(6) Primary Pt:'pduceProcessing: The production of frozen and 
p:resetved meat, the production of butter. cheese and 
other dairy products, and the freezing and preserving of 
fruit and vegetables. 
(8) BuUding and Construction: All building construction and the 
construction of civil engineering structures and roads; 
building repair. 
(9) Public Utilities: The production of electricity and gas, 
and the provision of water aY,ld sanitation. 
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(10) Transport and Communication: All forms of land, sea or air 
transport activities plus the activity of the New Zealand 
Post Office (excluding the Post Office Savings Bank). 
(11) Wholesale and Retail Trade: The activity of establishments 
responsible for the distribution of goods produced else-
where; the output is valued not at the retail value of the 
goods handled, but at the wholesale to retail margin; 
this is considered to be the value of the service of 
dis tri bution. 
(12) Banking and Insurance: Banks, insurance companies and other 
financial organisations. 
(13) Services: Education, medical, legal, accounting services, and 
all forms of profes sional or technical advice; restaurant 
and accommodation sel'-vices; personal and miscellaneous 
services such as undertaking, dry-cleaning, carpet laying, etc. 
(14) Services to Households: Services in which wages are paid 
directly to the labour involved by private consumers 
(servants, household help) or by non-profit organisations 
(paid secretaries of sporting clubs). 
(15) Services to Government: Wages paid by the government and 
other public authorities for administrative activities or . 
for the maintenance of law and order. 
(16) Ownership of Property: All imputed and real landlord activity; 
the value of output is the imputed rental value of owner-
occupied houses plus the actual rental value of non-owner-
occupied houses and business premises. 
The coefficients for the current production activities were 
derived from Table VII, page 52, Ros sand Philpott[ 31 ] . These 
coefficients have been adjusted to account for extra output that will 
be required to replace obsolete and worn-out capital equipment. 
The adjustments were in the form of additions to the 
current intermediate coefficients and import coefficients. The 
sum of the additions for each current production activity were 
equal to the depreciation coefficient (derived from interindustry 
tables) for that activity. This total was distributed among the 
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inputs for the activity using the proportions suggested by the capital 
input-output matrix, but the proportions were weighted against 
inputs from "Building and Construction" by a factor of five. This 
was an attempt to account for the fact that building is more durable 
than plant and machinery, and that the average unit of replacement 
expenditure in any year will include a lower proportion of expenditure 
on buildings than a unit of net investment expenditure in the same 
sector. The weight 1/5 was used as a likely approximation to the 
ratio of the rate at which buildings depreciate with res pect to plant 
and machinery: buildings can be expected to depreciate at 2 -2i per 
cent whereas plant and machinery is likely to depreciate at 10 per cent 
or more. 
The capital-output ratios, the capital coefficients, and the 
labour-output ratios are the same as those used by Ross and 
Philpott [30] and their values were obtained by private communication 
with Professor B.J. Ross. The labour-output ratios have been 
adjusted for the expected productivity rise by 1972 -73. The capital-
output ratios are really incremental capital-output ratios; the 
assumption is made that average capital requirements of all sectors 
are the same as capital requirements at the margin. 
The reason for the values of -6,6667 connecting the final 
year investment flows to the final year capital stocks have been 
given in Chapter IV, Sec. 4.4 and Chapter III, Sec. 3.4. Table la 
shows a series of values for the proportion of total investment in an 
eight year period which will occur in the final year at a number of 
annual growth rates in the level of investment. The calculations 
are similar to those used by Manne [21] and described in Chapter III, 
Sec. 3.4. From this table it is seen that if the annual growth rat e 
in investment is around four or five per cent, approximately. 15 of 
the investment during an eight year period will occur in the final 
year. This means that total capital formation during an eight year 
period will be 1 -;- ,15 or 6.6667 times the level of investment in 
the final year. 
The coefficients for the consumption activities are calculated 
from the 1964-65 interindustry statistics [31] , the import saving 
alternatives being calculated i~ the manner described in: Chapter II. 
The immigrants I consumption activity has the same coefficients, 
but the coefficient for services to government is omitted on the' 
grounds that there is not likely to be a large direct increase in the 
level of administration due to immigrants; the extra organisation 
required should be indirectly accounted for by the capital require-
ments of immigration. 
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TABLE Ia 
Fraction of Investment Occurring in Final Year 
of Eight Year Horizon assuming Constant 
Annual Rate of Growth 
Annual Growth Rate, 3% 4% 5% 6% 
(1 + g)8 1.2668 1.3686 1. 4775 1.5938 
g(l + g)8 .0380 .0547 .0739 .0956 
[(1 8 .2668 + g) - IJ .3686 .4775 .5938 
Proportion in 
.1424 .1484 .1548 .1610 final year 
The capital requirements for immigrants are calculated 
from the estimated needs of immigrants for social capital suggested 
in the Monetary and Economic Council Report Number 12 [23 J . 
The coefficient of -0.5000 is due to an assumption that every 
1000 immigrants results in an addition of 500 to the labour force. 
This is a rounded off estimate of the figure published in the 
Monetary and Economic Council Report. 
The capital stock availability figures are obtained 
artificially. It is assumed that in the base year, 1964-65, all 
sectors of the economy are operating at the full cap{i.city of their 
capital stock. An artificial figure for !'capital stock" can there-
fore be obtained by dividing the capital-output ratio into the base 
year level of output for each sector. This was done for all sectors 
except "Ownership of Property", a sector in which most of the 
investment has to pe decided upon independently. However, some 
investment must o~'cur within the model to allow for the building 
of premises to be leased or rented to the productive sectors; it 
was estimated how much of the 1964-65 output was of this nature. 
and the same proportion of the total !!rcapital stock" for the sector 
was used. 
The maximum overseas deficit for the target year, 1972 -73, 
was chosen as $60 million in line with that suggested in the Targets 
Committee Report of the National Development Conference [35J , 
page 11. 
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The labour .force availability was calculated froITl the 
labour force projections published in the New Zealand Year Book 
Since these are published for calendar years, the figure used is a 
weighted average of the figures published for 1972 and 1973. 
The projection assuITling zero net iITlITligration was used as 
imITligration is endogenous to this ITlodel. 
The upper liITlits to the levels of the exporting activities 
were varied considerably for different solutions of the ITlodel, 
but their values were based on the export requireITlents cOITlputed 
by the Lincoln projection ITlodel. These, in turn, were in line 
with studies ITlade by the sec\toral working cOITlITlittees set up 
\ 
by the National DevelopITlent Conference. 
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APPENDIX II 
NOTES ON COMPUTATIONAL ASPECTS OF THE 
LINEAR PROGRAMMING PROBLEM 
The problem was solved on the IBM 1130 computing system 
at Lincoln College using the IBM Linear Programming System/1130, 
QMOSS, Program Number 5711 -C(iH. Some difficulty was 
experienced in obtaining a satisfactory solution printout due to 
a fault in the routine, and communication with IBM was necessary 
to resolve the problem. Previous to this it had only been possible 
to obtain a satisfactory printout of the shadow prices or dual 
solution, and the solution values for the primal problem could only 
be obtained by setting the model up as the dual problem; the shadow 
prices of the dual problem are the primal solution values. 
It has been stated in the text that economic alternatives 
in the model are few. This does not mean that the computational 
alternatives are also few - in fact they are rather many. The 
objective to the problem is a function of consunptiononly so. that 
it is only after enough iterations have taken place for a consumption 
activity to be included in the basis that the objective function has 
any value at all; as consumption requires inputs from each of the 
productive sectors it cannot be activated unless each of the 
productive sector s is activated. 
The QM(l\SS routine has an option which enables advanced 
starting solutions to be used. It was found that the computation 
time could be drastically reduced by inserting a basis with all the 
production and investment activities included. This would be 
worthwhile even if several technological alternatives were 
available - the large number of iterations needed before consumption 
can enter the basis would be avoided. 
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APPENDIX III 
ASSUMPTIONS UNDERLYING PRINCIPAL 
LINEAR PROGRAMMING SOLUTION 
The main assurnptions embodied in the principal linear 
programming solution discussed in this study (Solution No .. 1, 
Tables 5.1 A to 5.1 F) are listed here for easy reference. 
(1 ) That the constant -price current input-output coefficients 
calculated for 1964-65 would still be valid in 1972 -73. 
(2) That labour productivities would increase during the 
planning horizon at the rate assumed by Ross and Philpott [30] 
in their projection study. 
(3) That import substitution of intermediate goods would 
not occur, but that import substitution of finished goods was 
possible. 
(4) That the capital-output ratios calculated from historical 
data and the constant-price capital input-output coefficients for 
1964-65 would continue to be relevant in the target year. 
(5) That the population and labour force would increase at 
the rate projected by the Department of Statistics (as suming zero 
net migration) unles s immigration occurs. 
(6) That at least $1 million of consumption goods (1964-65 
prices) be set aside for each 1000 immigrants. 
(7) That the maximum level of exporting in each sector in 
1972 -73 will be the same as the levels of exporting projected by 
Ross and Philpott [30\,]. * (See Note overleaf. ) 
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(8) That export prices in 1972 -73 will be the same as in 
1964-65 for all products. 
(9) That total gross domestic savings will be 28 per cent 
of gros s national product. 
(10) That in 1972 -73 the level of investment in hous ing will 
be at least $225 million and that the level of autonomous 
government investment will be $228 million (both values in 1964-65 
constant prices). 
Of these assumptions, numbers (1), (2), (4), (7) and (10) 
are comparable to assumptions made by Ross and Philpott [30J in 
the Lincoln projection modeL The greater flexibility of the 
linear programming technique has meant that fixed assumptions 
regarding import substitution, population and labour force were 
not necessary. The major difference between the two studies was 
with respect to export prices. In the projection model an overall 
decline of 5 per cent was as sumed whereas no decline was allowed 
for in the optimising modeL 
Note: Exports are handled differently in the linear programming 
model in that the contributions of services are treated 
as margins rather than as actual exports· from the 
servicing sectors (see Chapter III, page44). One of the 
consequences of this has been that the export returns from 
tourism which appear in the interindustry tables as output 
from "Transport & Communication" have been allocated 
to "Other Manufacturing'.', This accounts for the large 
differences between exports from "Other Manufacturing" 
in Tables 5.4 and 5.5. 
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